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PREFACE. 


.• This mapual has been drawn up at the request of A. 
Money, Esq., c.b.'. Member of the Board of Revenue, who is 
desirous to have, in a concise *nd readily consumable form, 
the general results of my experiments and observations on 
the opium poppy, with a view to their circulation amongst 
the officers of the department. 

Those for whom this treatise is chiefly intended are well 
aware of the facilities which have been afforded me for the 
study of the poppy plant, I having been for the past four 
years attached to the Opium Department, by order of the 
Government of India, with a special view to the field-study 
of the plant in its various stages of growth, so as to ascertain, if 
possible, the nature and cause of the more serious diseases, 
which affect it, and also to make suggestions as to its general 
improvement as a drug-producer. 

In passing this work from my hands, I wish it to be 
distinctly understood that it is issued with no pretensions on 
the writer’s part to teach the more experienced officers of the 
department anything new in the ordinary husbandry of the 
pl«,nt. It may, however, ppove an useful initiatory treatise 
for the junior officers, and on a few special points it may 
* even convey hints and illustrations not unuseful to those of a 
senior grade. I here allude to the mode of seed selection, the 
microscopi# structure of the capsule, the phenomena of drug- 
secretion and circulation, and the nature and modes of treat- 
ing the different diseases and injuries to which the plant 
is subject iq. the various stages of its growth; all subjects, 
I need scarcely remark, of much practical and scientific 
interest. 

To these few explanatory remarks then, I will but add 
that, in case I may some day be called upon to draw up a 
new edition of this manual, I shall feel grateful to any officers 
of the department wljo will favour me with any original 
observations’ or opinions — adverse or otherwise — bearing on 
those recorded in this little treatise. * ' 

JOHN SCOTT. 

Bankipore, 

July 1876. 
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CHAPTER I. 


THE SOILS OP. CULTIVATION. 

1 — Introductory remarks. 2 —Ilumus soils or vegetable moulds. 3 — Loamy soil if. 

4 — Marly and calcareous or limy soils 5 — Argillaceous or clayey soils. 

•6 — Siliceous or sandy soils. 7 — Gravelly or drift soils. 

In considering the conditions under which the opium* poppy 
may ho most successfully cultivated, it is qf prime iniport to have 
regard to the soil ; its physical properties, nnd^ the more predominant of 
its chemical ingredients. We»may thus with some degree of certainty 
select a soil suited to the known requirements of the poppy, which, 

• tlfough none of the nicest or mpst fastidious of feeders, has neverthe- 
less its likes and dislikes. It is indeed, pronouncedly a potasso-lime 
looser, requiring also as other essential auxiliaries, carbon , jiitric acid , 
and the organic alkalies — ammonia , 8fc.* It is thus that soils with 
a fair proportion of the above mineral and organic .constituents, though 
of the moSt diverse basic character, may, and jvill produce a vigorous 
crop, of copious drug-yielding poppy. Let us now, briefly describe -the 
more characteristic of our Indian poppy soils. 

2. *JIumus % soils of a loamy, marly, or calcareous character are 
those perhaps, on which the poppy thrives best* They vary in colour 
from a dark, almost blackish-brown, to a light greyish-brown,*. accord- 
ing as the humus (vegetable mould), or the eafthy admixtures pre- 
ponderate. Soils however with a preponderance of vegetable mould $.re 
anything but common in our, poppy districts. Indeed, they are chiefly . 
found in the immediate vicinity of the villages, and have thus been 

# converted from their natural earthy character the continued addi- 
ction of vegetable refuse, the excrements of man and animals, &c. The 

most highly productive plots are, as might be -expected^thqse so located 
and conditioned. -r-I would obviate this want of organic matters in the 
generality of the poppy soils (and also supplement the inefficient supply 
of other manures), — really the failing quality, by the culture of green 
crops on the poppy lands during the rains, # which £ would have cut 
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and dug into the soil in* time to have all thoroughly decayed ere the poppy 

sowing time I may observe here that the relative proportions of 

organic and earthy matters in suoh soils may be readily ascertained by 
drying a sample upon pager, in an earthenware or other vessel over 
the fire (care being taken that t^ie heat is not* sufficient to char the 
pajper), until it forms a dry powdbr and ceases tdlose weight to further 
'exposure at. the same temperature. A weighed sample of this being 
then taken and thoroughly burned in the open air. The loss by 
burning — allowing a small percentage for water — indicates the amount 
of organic matter in the soil. 

3. Loamy soils are also 'Well suited. for poppy cropping. They 
arp variously ‘Characterised according to their proportionate -admixture 
• with clay, lime, and sanc[. We have thus the so-called clayey or 
sandy loams, &c., indicating in the first an excess of clay, the latter 
of sand, and correspondingly a cold and moist, and' a hot and dry 
soi 7 . fcucli soils, as I have remarked, me^t well the wants of the poppy, 
as they indeed do, those of the generality of agricultural products. 
Named and arranged as they are according to the quantity of clay, 
sand, and lime they may happen to contain, the practical cultivator 
may determine with sufficient accuracy the relative proportion of 
their components by the following simple plan suggested by Professor 
Johnston in his excellent treatise on agricultural chemistry and 
geology. Thus “ if an ounce of soil be intimately mixed with a pint 
of water till it is perfectly softened and diffused through it, and if 
after shaking, the heavy parts be allowed to settle for a few minutes 
the sand will subside, while the clay, which is in finer particles, will still 
remain floating. If the ,water and f fine floating clay be now poured 
into another vessel, and be allowed to stand till the water has become 
clear, the sandy part of the soil will be found on the bottom of the first 
vessel, and tfie clayey part on that of (the second, and they may be 
dried and weighed separately.” It may be remarked here that the 
clayey poition of our* Indian soils is very generally in such - an 
impalpable state, that when 1 well diffused in water, the latter after 
standing for days will still be dull or cloudy. It is thus tedious to 
wait until the water becomes clear, but a sufficiently accurate result 
forall practical purposes may be attained by allowing a slight excess 
above the weight of the portion deposited for that still held in 
suspension. To resume. — Professor Johnston continues, !“if 100 
grains of dry soil (not peaty or unusually rich in vegetable matter) 
leave no more than 10 of clay when treated in this manner, it is called 
a, sandy soil ; if from 10 to 40, a sandy loam ; if from 40 to 70, a loamy 
soil; if from 70 to 85, a clay loam; from 88 to 95, a strong clay soil ; 
and when no sand is separated at all by this process, it is a pure 
agricultural, clay.” The strong *clay \ soils are those used for making 
tiles and bricks, while ^he pure agricultural clay is oommonly used in r 
the manufacture of pipes, and is well known as pipe clay. ...... 

Soils of pure 'clay, however, rarely occur, it being well known 
to all practical men that the strong clays ( tile clays), which contain from 
5 to 15 per cent, of sand, are brought* into arable ‘ cultivation with the 
greatest possible difficulty. It will rarely, almost never, happen, 
therefore, that arlble lan<? will contain more than *30 to 35 per cent. 
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of alumina.” — As regards the poppy lands in tl^g Government agencies 
those of the south Gangetic plain would appear to be very generally 
a sandy clay or loam , jfs^ibove defined. Thus, I have haft before me analytic 
results of these soils from yarious parts of ihe south Gangetic plain, and 
I find them varying* in composition from *2 to about 10 per cent . of clay 
and f^om 75 to 90 art 4 upwards gf s&nd or siliceous matter. Again, in 
that part of the north Gangetic plain over which poppy culture extends 
the soils are very frequently of a more clayey nature, and in many places 
sufficiently retentive of moisture to enable the cultivator to dispense with 
artificial irrigation in the culture qf the poppy. Even here, however, 
and especially in the ffat alluvial tracts in the vicinity of the Ganges 
and its tributaries, the soil not unfrequentfy is of a light and sandy 
character, and the poppy must be regularly irrigated. • 

4. Marly soils and calcareous or limy %oils. — A marly soil is such 
as contains from 5 to 20 per cent, of lime, while those containing above 
20 per cent, of lime are called calcareous , and may of course either be 
sanely or clayey, according as one or other forms the basic constituent. 
To estimate the proportion of lime in such soils “ a sample should be 
heated in the air till the organic matter is burned away. A weighed 
portion (200 or 300 grains) should, then be diffused through half a pint 
of cold water mixed with half a wineglassful of spirit of salt (; muriatic 
acid), and allowed «to stand for a few hours with occasional stirring. 
When minute bubbles of gas cease to rise from the soil the water is 
pourSd off, the soil dried, heated to redness as before, and weighed : 
the loss is nearly all lime, unless the soil happen to contain. a large 
quantity of magnesia, or of oxide of iron in combination 'frith carbonic 
acid, or with some organic acid, which is. # not often the case.” ( John- 
ston's Agricultural Chemistry and Geology ,* p. 92.) — Such soils are 
confined to the limestone and chalk formations, and "in the latter case, 
Avijen largely mixed with clay, become extremely difficult to werk. 
They *are also cold and moist, unfavourable to the germination of the 
seed, and tend to retard the ripening of the crop. On thejrther hand, 
lime with loam or a sandy clay, as a base, affords a highly favcftirable soil 
to many of our most important agricultural plants : included amongst 
which is ttie opium poppy. It is indeed highly probable that the 
comparatively high drug-produce of certain parts of the Gya division, 
as also the adjoining portions of that of Shahabad — which lie over or 
in the vibinity of the limestone formation, and its outcrops — maybe thus 
explained. Anyhow, Shahabad and Gya,. are two divisions which, as 
a rule, give the highest average return of drug, and both lie largely in 
a limestone region. Analyses of poppy soils ijom the Gya district 
have also afforded from 5| to 7| per cent, of lime. As regards poppy 
then, I am strongly disposed to attribute the higher general fertility ^ 
of those divisions to the relative richness of their soils in lime. 

5. Argillaceous or clayey soils are so called *^s having as a basie 
’ component argil or oxide of alumina . The purer clay soils, as we have 

seen, are of no* agricultural value whatever#; they areNmejt, cold, wet, 
and tenacious or sticky, soaking large quantities of water when it falls 
or is poured upon them, though # possessing comparatively low powers 
of absorbing moisture from the atmosphere. They thus in dry weather, 
sooner than mapy other kinds of soil, form a |.ard crust on the 
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surface, alike tmfavourable to the absorption of heat from the atmosphere 
br evaporation frojp their soddened un'der-layers. In small portions, 
however, clay is an essential component of ail the more valuable 
agricultural soils: highly fertile ones, contain from 5 to 15 per cent., 
while those containing ,20 find upwards become.* increasingly barren 
and utterly sterile to the agricultumst when abounding to the .extent 
of €0 or 85 per cent., though of course long ere that worthless for arable 
operations. 'In the notrth Gangetio divisions of the*- Behar Agency 
clay abounds sufficiently in the soil to retain, as has been remarked, a 
sufficiency of moisture (in all but exceptionally, dry seasons) for the 
growth and maturation of the poppy, thus saving ihe cultivator all 
the labour and expense"* of the oft-to-be-repeated, artificial irrigations. 
.Fairly fertile soils from the experimental gardens at Dee g ah, contain 
from 5i to 8 per cent, of clay, and a series of samples from the most 
fertile .of the irrigated plots in the Hajeepore division afforded from 
2^ # to 0£ only. 

6. Siliceous or sandy soils comprehend those dontaining upwards 
of 80 per cent, of siliceous and micaceous matters. Such soils are loose 
and friabl‘e, readily absorbing atmospheric heat, and thus valuable as 
affording the earliest erops, while they are also much less difficult to 
till, than those of a clayey or marly nature. “ In fertile soils,” remarks 
Donaldson, “ it — sand — averages 50 to 80 per cent. ; it absorbs one-fourth 
of its weight of water without dropping, and evaporates twice as fast 
as chalk and three times faster than clay. It forms the chief consti- 
tuent in most soils, forming upwards of nine-tenths of their whole 
weight.” In limestone districts, however, it is frequently largely mixed 
with lime, and then, as Solly remarks, “ these differences in the propor- 
tion of the earthy components give rise io the varieties of light or free, 
and stiff or cla/ey soils, which are also modified by a greater or 
less quantity*of organic matters.” — Sfynples of soils from the Deeg&h 
experimental gardens, as shown by Mr. Pedler’s analysis, contain from 
78 to about 80 per # cent.*of siliceous sand ; while four samples collected 
by myself * from the most highly fertile plots in the Hajeepore division 
were found by Mr. JPedler to contain from 8*5 J to upwards of 87 : 
the average being about 86 per cent. In the case of one very poorly 
productive plot from which I brought a sample, it was fourfd to con- 
tain- 90 J per cent, of silica with 2J of clay, of iron oxide, and only 

0*449 of •lime. The majority of the poppy soils in r both ‘agencies, 

I believe, have as their predominant component silica, and thus 
present •themselves as sandy clays, loams and the like. Such soils 
in homely phraseology are termed “ hungry soils” as speedily 
decomposing mammal applications. This is due to their loose and 
^incohesive texture and their low powers pf retaining moisture: thus f 
readily permeable by air and moisture, organic matters rapidly decay in * 
them, and ’from thefr open nature, manyrial matters are carried 
down by rains beyond the range of the roots of most of^the green 
and cereal crojl£ To sustain any high degree of fertility in such 
soils, frequent applications of manure are thus more tl^an in other kinds 
necessary. • 

J. Gravelly or drift soils consist of water- worn detritus and t frag- 
ments of rock, aifd are $ius more local than those. of a fine sandy or 
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argillaceous character. They vary in texture frojp a simple admixture 
of sand and small stones to a gravelly loam or cfay. The former oiass 
are of course barren a&d unproductive, the latter, as having, in addition 
to sand and pebbles, or the li&’e^an admixture of loam, clay, or calca- 
reous matter, are not*ilnfr£quently susceptible of profitable arable culture. 
Indeed, when iron is*xot in excess (a£ very generally occurs in gravelly 
soils), and a sufficient quantity of loam or vegetable mould mixed with 
the gravel, an excellent soil is afforded for .early cropping purposes : 
wb^ndoam and vegetable matters predominate, next to fight or moder- 
ately light loams, they are considered the very best for garden purposes. 
In tropical countries* they are, as a rqle, however, difficultly manage- 
able, and. expensive to maintain in arable culture. This is due to their 
loose texture and consequent rapidity of giving oft moisture, or allowing; 
it to pass down beyond the range of th£ roots (unless bedded on an 
impervious subsoil) : the absorption of heat from the sum being also 
more rapid, they soon acquire a temperature scorchingly destructive to 
all cereal or green t?rops. 


CHAPTER II. 


'artificially irrigated and naturally irriguous lands. 

1 — The relative extent of those lands under poppy in the two agencies. 2 — Poppy 
as a rule more productive on the irrigated ,« than the vnvrrigated lands. 
'&—The general characters of the soiC in the poppy district. 4 — The 
comparative influence of variety and climate on the hygroscopic condition 
of the soil. *> 

• •* The relative extent of the artificially irrigated "and naturally 
irriguous lands in the two agencies (Behar and Benares) is widely 
different. Thus, in the season of 1871-72 while there werp only about 
2 1 times more of the former than the. latter class of lands in the 
Behar Agency, the proportion in the Benares Agency was as 56 to 
1. In th$ latter agency the irriguous lands pertain chiefly to the 
Goruckpore and Bustee divisions, and small portions to those of Eyza- 
bad and Lucknow. In the Behar Agency they are wholly confined 
to the s(x divisions north of the Ganges, the relative proportion of the 
two being as l| to 1 in favour of the irriguous, 0 the major portion of 
which extends along the older alluvial deposits to the east of the 
Gunduck river. It is also to be observed that })n the Benares Agency 
the irriguous lands pertain to the same deposits. Thus, in ; the 
Goruckpore division they lie along the central traot between the Raptee^ 
** and Gunduck rivers, in Bustee to the west of the latter river, and in 
Fyzabad between the Gogra and Goomtee rivei®. It is to be observed 
that the central shed of all these Gangetic tributaries consists largely 
of the later tertiary beds, superposed on <a stiff kid 0 less or more 
impervipus bed, of variously coloured clay; whilst towards and along 
their banks we We a deposit, of more recent and lighter alluvium. 
On the latter tract the poppy requires artificial irrigation, whereas on 
the former the qrpp attains maturity by the o natural poisture of the soil. 
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2. Under puch conditions, however, the poppy thus treated would 

appear to he altogether less productive than that on the regularly 
irrigated lands. Thus, by referring to the Agetffc’s annual report for 
1871-72, I find that while the irrigated lands on the south Gangetic 
plains, afford an average of four seers eight anti a chti tacks, those on 

the four largely irriguouS north) Gqpgetio divisions yield only, some 
three seers and six chittaeks per beegha. These relatively low returns, 
however, of the latter class of lands is, as I am disposed to believe, 
rather the restflt of a lower system of husbandry (their having,. no 
complement of irrigative water: a \ prime manurial agent), than any 
real disparity in their agricultural capabilities. *1 will not dwell upon 
this point here ? however,' as it will be discus'sed subsequently. . For the 
present we have simply to do with the physical properties of the soil, 
and especially those facilitating or otherwise the absorption. and reten- 
tion of water. 

3. « With regard to the nature of the poppy soils throughout both 
agencies, it may be remarked that, witli some tj-ifliftg local exceptions, 
natural and artificial, there is considerable uniformity; the later ternary 
deposits extending very generally over the north or upper Gangetic 
tracts, with the exception of the river valleys and their streamlets, on 
which we very generally find deposits of a more recent alluvium. 
TJie south Gangetic districts are somewhat more -varied, though here 
again we find by far the major part of the cultivation confined to 
the sandstones and shales of the coal measures, these being interposed 
very generally with layers of “kunker” (a nodular, concretionary, 
argillaceous limestone), less or more impregnated with iron, and all 
overlaid to a varying depth, vtfth a sandy clay or loam of a pale, dirty 
brown or reddish colour. ‘This is somewhat broken on the left bank of 
the Soane by a strip of limestone, while the Gya division in part and 
Monghyr wholly, lie among trappean^ and granitic rocks with the 
schists, slates, and grits of the metamorphie series. The soil ig very 
generally a^ light sandy, clay, becoming stiffer in the vicinity of the 
fel spathic* "rocks. Again, in • the Cl iota Nagpore division the older 
rock systems are principally developed, notably Palamow (the finest 
poppy district of the division), where there is a large development of 
micaceous slates and trap-rocks, with the coarse conglomerates of the 
coal .measures. These form a broad irregular swatch, surrounding the 
district like an atoll or lagoon island, and opening to the sofith-east. 
The overlying soil is 'generally of a stiffish nature, forming a hard 
crust in*«the hot weather, though under irrigation producing excellent 
poppy and other crops jn the cold weather. 

• % 4. Now, throughout this Gangetic division of the poppy area, 
comprising upwards of 220,000 beeghasj irrigation is everywhere 
""necessary for the maturation of* the crop.’ This, it may be remarked, 
is not wholly* due to the mere physical properties of the soil, being 
deficient (as compared with the naturally irriguous lands on the 
north Gangetic jflain), of the qualities of absorbing and retaining 
moisture, button the other hand, largely to the reduced rainfall, the 
prevalence during the cold season of dry westerly winds, and an 
altogether less humid atmosphere. As regards the mere physical .pro- 
perties of the soil, l know^from personal observations, fhat plots of less 
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or more extent in the southern districts are quite «s retentive, and highly 
absorptive of moistyre, as many of those in the V opposite Gangetic 
districts which require no artificial irrigation. There can thus, as it 
appears to me, be no .question, that the different hygroscopic conditions of 
the soils are rather dfee to climatic differences, than in their properties for 
retaining and absorbing moisture°from the atmosphere. Again, as show- 
ing that the hygronletrio condition of the atmosphere during the cold 
season is not sufficient in all cases to afford the' supplemental moisture 
newsssary for the wants of the poppy, we not unfrequently find in 
proximity to each other— I would especially mention the Hajeepore 
district — plots .of insufficiently retentive* soil, due mayhap, to a gravelly 
or very pervious subsoil, requiring frequent irrigation, while others m are 
irriguous enough for the maturation of thg crop: * I have thought it’ 
worth while to draw attention to these reciprocal relations of soil and 
climate on thS irrigation or non-irrigation of the poppy in different 
districts, as showing how sightly the actual hygrometric condition 
of the districts referred to, is in excess of the necessary require- 
ments of the poppy. It is important to note this, as I have not 
unfrequently heard it remarked on with surprise that the opium 
culture should be so largely confined to tracts where artificial irriga- 
tion is necessary, while many other parts of India could afford a 
sufficiently moist s<3il and atmosphere for all its wants. Now, in ‘So 
far as relates to the mere growth of the plant, or its culture as an oil- 
proaucer only, I do not doubt that the transposition would be success- 
ful, but I am strongly of opinion that any opium produced under such 
conditions would be of very inferior quality. »This, I think, is shown by 
the fact that even in Behar, with prevalent easterly winds — always less 
or more humid — the opium, relatively to that under westerly winds, is 
of very inferior quality. What then could we expect from crops 
grown and matured under such high conditions of humidity ? I w&uld 
anticipate a drug of passewah-like colour and consistency, and even that 
ii* 6inall quantity, for reasons to be explained ‘in a subsequent chapter 
of this little treatise. 


CHAPTER III. 


TILLAGE, OR THE MECHANICAL TREATMENT OF THE SOIL. 

1— The native husbandry of the poppy lands . 2 — The native plough and hingah : 
or clod-breaker* 3— Pulverization of the sod : its fertilising influence. 

The tillage, or mechanical treatment <*F the poppy lands, is 
an important branch of the planf s husbandly. After the maturation 
of the poppy, ’the lands are, as a rule, fallowed for soine two and a half 
months only, 1.4, until the commencement of the rainy season, during 
which period all the more assiduous cultivators endeavour to have 
cattle folded on them. The earliest fall of rain is taken advantage of : 
the surface is broken up by the plough, and.Indian jaom, one or other 
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of the millets,* &c., sewn thereon.. These crops are harvested by the 
middle of September or earlier, wli6n flocks of sheep or cattle, 
if available, are again folded upon the .lands. Ploughing is also com- 
menced and repeated at short intervals until # the middle of ‘October or 
later, when the land must be'bedded for seed sov>:Ag. Such is briefly 
the annual routine treatment of *th^ land betwdfen the harvesting of 
throne season’s poppy, and the sowing of that of the consecutive 
season. 4 • 

2. The plough in use by the natives, however, is a*n?ost 
inefficient implement, —breaking upibut the mer§ crust of the soil. A 
great advantage would, doubtless accrue t from deeper tilth, as in 

, exceptional cases only 'would there be any danger of Opening up 
•any fresh soil, containing matters noxious to veg^tationT The soil 

, is very generally of an aflu vial^^arriTrter' anTt^trf ~~a very uniform 
quality, for more than the depth to which it would be desirable to 
ha\e if stirred up. Now, it is obviou^ that the few inches of soil 
in tilth, and consecutively cropped for centurieS (with but qpant, 
and in many cases, no manurial application at all), would be 
greatly benefited by having some two or three inches of the fresh 
under soil (rich in all those plant food-stuffs of whioh the overlying 
crop-bearing layer had been exhausted), broken up and mixed with 
ik — As regards the use of the plough in thus deepening the 
tilth, it must be admitted that there are serious difficulties in the 
way ; the poor ryot not having means to incur additional outlay on 
the preparation of his land, and the cattle at his command being 
simply unfit for the draught of the most shallow cutting of English 
or American ploughs. Tlje only way of obviating this difficulty would 
thus be to use the kodalee, by which the soil could easily be turned 
over to a dejith 'of from nine to twelve inches. This should be done 
immediately after the harvesting of the ppppy, so as to expose the larger 
surface, as long as possible to the action of the atmosphere. Its proper 
pulverization could, then* be effected by the ordinary native implement# 
— the plough and hingah — and* an enriched bed thus prepared for the J 
future crop. Soils thus treated might be cropped with advantage alsor r 
during the rains, the crop being harvested at latest by the hiiddle of ? 
September, so that the land might again be ploughed, reploughed, and 
thoroughly pulverised by the middle of October, when the sowing of 
the poppy* crops should be commenced. , \ 

3. The repeated 'breaking up and exposure to sun and air of the 
soil surfoce has a most important fertilising influence. In the first 
place, it has an effeffc similar to that of frost in higher latitudes : 
the sun in this case withdrawing the moisture, separating the particles, 

^and thus tending to its ready pulverisation. Besides this merely ^ 
mechanical effect, there are also important chemical changes promoted ; ** 
thus, as being freely and uniformly permeable by air and water, the 
former is decomposed, and, as Sir H. Davy observes, “ ammonia is 
formed by thp uilion of the hydrogen of the water with* the nitrogen 
of the air,' and nitric acid by the union of the oxygen and nitrogen. 
The oxygen may also unite with the carbon contained in the soil and 
form, carbonic acid and carburetted hydrogen.” The importance of the 
pulverization of fhe soil # indeed cannot be too strongly impressed on 
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the native agriculturist. “ If a field,” remarks Liebig, “ is to produce a 
crop corresponding to the full amount of food present in it, the first 
and most important ^ndition £or its accomplishment is, that its phy- 
sical state be such as to permit even the finest rootlets to reach the spot 
where the food*is to found They ipust hot be obstructed by .the cohe- 
sion of the soil. Plants with their dedicate roots cannot grow on a tena- 
cious heavy soil, even with abundance of mineral food.” One of the 
earliest writers an improved husbandry — Jethro Tull — indeed estimated 
th^ process of .pulverization so highly, that he. fancied the soil’s 
virgin fertility might Ipe thus sustained for ever ! The beneficial effects 
of the process were early recognised. Virgil in his Georgies, with the 
modem agriculturist, insists that “ a soil to bb fertile, must, above all 
things, be light and friable, and this condition woseek to bring about - 
by the operation of ploughing.’' Cato a£ks — “ Wherein does a good 
system of agriculture consist ? In the first place, in thorough plough- 
ing ; in the second place, in thorough ploughing ; and in the third place, 
in manuring ana again, “ ploughing the land simply means rendering 
the earth porous and friable, which tends to increase its productive- 
ness.” This opening up or loosening of the surface soil should also 
be carefully attended to in the earlier stages of the poppy crops, and 
indeed continued regularly after each watering (as the soil otherwise 
soon forms a hard, impermeable crust, unfavourable to healthy growth), 
until the foliage of the crops has quite covered the soil, so as to 
checE any rapid evaporation and subsequent crusting of the surface. 


CHAPTER IV. 


THE SOIL: ITS EXHAUSTION ^ND RENOVATION. * •• 

1 — The effects of mixed cropping on the soil. 2 — The comparative tilth of the poppy 
lands \ and those of the cereal and pulse crops. Z—The early American agricul- 
tural practices. 4 — Special and general exhaustion of the soil. 5 — The renova- 
tion of the fertility of the soil . 6 — The alternation of crops. 

It freed sqircely be remarked that all soik under an uhconserva- 
tive system of husbandry will sooner or later be exhausted, in so far 
as regards the purposes of a remunerative cultivation. The* general 
modes of husbandry as practised by the native! of this country mqst 
inevitably lead to the exhaustion of the soil in the above sense. They, 
bm, a rule, practise the most superficial tilth, take from two to three crops — 
from their land annually, affording the fcoil little or no extraneous returns 
k in the way of manure. Moreover, they adopt no *egular system of rota- 
tion, but repeat from season to season the particular cold and rainy season 
crops whioh they find most remunerative,* until the soil becomes as it 
were sickened of them, and then only do they adopt that mixed system 
of cropping (i.e. 9 sowing together various kinds of cereal and green crops) 
whioh, though doubtless temporarily successful, is of all the others the 
most exhaustive to the soil, when unrecouped- by esfraneous manurial 

b 
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applications. 'Such nyxed crops, of, the most varied kinds, drawing as 
they do on all tifcte different mineral fo&d-stuffs that the soil contains, 
do thus correspondingly accelerate the, ultimate* and complete exhaus- 
tion of the soil. “ The constituents of the soil,” remarks Liebig, “ are 
the farmer’s capital ; the element of food suppli^ by the atmosphere, 
the interest of the capital ; and b/ means of the former he produces the 
latter. In selling the produce of his land, he thus alienates a portion 
of his capital $nd the interest ; while in returning to the land the con- 
stituents of the soil removed in the crops, he simply restores his Capital 
to the field. In altogether alienating the crops of his fields, he deprives 
the land of the conditions of their reproduotiveness,, and a system of 
farming based. upon sudh principles justly deserves to be branded as a 
• “ system of spoliation.-’ 

2. The poppy lands, 4 though poorly tilled, scantily, if at all, 
manured, and over-cropped from season to season incessantly, with little 
or po alternation, do nevertheless, as a rule (with those of indigo), receive 
the most of the native agriculturist’s care. The p6ppy, indeed, more 
than indigo, is a labour-requiring, and precarious plant. The latter being 
a rainy season crop, and its growth wholly dependant on the natural 
moisture of the soil and humidity of the atmosphere, thus requiring little 
care after the plants overshadow the soil and check the growth of weeds ; 
whereas in the case of the poppy, from the seed sowing to the harvest- 
ing, it is a continued care, with oft recurrent labour. — To return, how- 
ever, to the soil, its mechanical treatment and cropping characteristics, 
as bearing on the question of soil exhaustion. As regards the mere 
mechanical treatment of the soil, there can be no question that at least 
a large portion of the poppy lands are subjected to a very effective 
surface tilth . Generally from the beginning or the middle of Septem- 
ber to the middle or close of October the lands are run over with the 
native plougli and hingah, at intervals qf from ten days to a fortnight. 
This, so far as it goes, effects a very fair pulverization, but the depth 
of tilth beixg only t some- three or four inches, of course the development 
of the roots of the crop must necessarily be checked, and consequently 
the whole parts of the plant. This evil is intensified from year to year, 
the restricted and superficial root range of the crops tending to the 
undue diminution of all the more important mineral food-stuffs of the 
plant, induces a less vigorous habit, and renders it altogether more 
precarious : the ultimate evil effects being further accelerated by the 
withdrawal of the whole crop from the soil, with little or no compen- 
sation itf the way of extraneous matters. The culture of the crop thus, 
generally speaking, #>nds to a low ebb, and it has been remarked by 
one of the most experienced and observant officers in the department — 

. Mr. King, Shahabad — that old poppy cropped lands within his know.%^ 
ledge produce now a very much ‘less vigorous crop ‘than they did in 
former years, and thislie attributes wholly fo impoverishment of the 
soil. That this has not as yet been more generally felt may be due to 
the fact that t the poppy,* less than any other of our green or cereal 
crops, depends on the natural humidity of Hie soil or atmosphere, having 
a regular artificial supply, and the productiveness of the soil may thus 
be prolonged by Hie beneficial chemical actions and reactions thereby 
induced. The ultimate evil, however, under such conditions can only 
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be retarded for periods varying with the original composition of the 
soils ; the inevitable result is at last the same. Un£er such modee the 
soil must needs be rfriuced to a state of absolute exhaustion. 

3. “ liational agriculture?’ jemarks.Liebig, “in contradistinction 
to the spoliation system of farming, i§ basM. upon the principle of resti- 
tution ; by giving b*fc)k to his fields the conditions of their fertility, the 

farmer insures the pewnanence of the latter The deplorable effects 

of the spoliation, system of farming has been nowhere more strikingly 
illustrated than in America, where the early colonists in* Canada, as in 
the states of New York, Pennsylvania, Virginia, Maryland, &c., 
found tracts of # land* which for many years by simple ploughing 

* and sowing yielded a succession of abundant wheat and tobacco 

harvests ; no falling off reminded the farmer of the necessity of restbr- . 
ing to the soil the constituents carried away in the produce. We all 
know what has become of these fields ! In less than two generations, 
though originally teeming with fertility, they were turned into deserts, 
and jin many districts brought to a state of such absolute exhaus- 
tion that even now, after having lain for more than a hundred 
years, they will not yield a remunerative crop of a cereal plant. 
The American farmer despoils his field without the least attempt 
at method in the process. When it ceases to yield him suffi- 
ciently abundant crops, he simply quits it, and with his seeds aryl 
plants betakes himself to a fresh field ; for there is plenty of good 
landT;o be had in America, and it would not be worth his while to work 
the same field to absolute exhaustion.” — Modern Agriculture , pp. 180 
et xeq. A very similar practice to that of thp American batjkwoods-men 
is still carried on in the valleys ami on thfc flanks of the Himalayas 
(as elsewhere in the less densely populated parts of India), by the hill 
tribes, who will laboriously cut and burn a mass of heavy jungle over 
a more, or less extensive area, dig it roughly as the raihy season sets 
in, and at once sow it with Indian corn, murwa, or some of the other 
millets, &c. They continue cropping it thus for some three or four 
seasons (longer in the valleys), when it is abandoned for its "infertility, 
and the labour of clearing another plot of jungle land undertaken. 
Thus in Tecurrent quadrennial or septennial •periods do those rude 
agriculturists, shift from their failingly fertile lands, until they, are 
naturally recouped. Even this, however, seems to be limited, and we 
find maify of the hill flanks which have been thus successively cropped 
by man* and nature, now altogether abandoned by the former as 
unworthy of his labour, and but sparely utilized by the tetter, so 
utterly unpropitious have they become for even jiheir, quondam natural 
vegetation. * 

4. Lands in such a state as the above — i.e., deprived of not one, _ 
Cut of most of the -mineral ingredients •essential to vegetable life — oould 
only be renovated at an gxpense far exceeding any pYobable return. 

* In other cases, where the exhaustion is not general — i.e., of many 
different minerals — but of one or more of those substances peouliar to 
the particular crops long cultivated thereon, the renovationof the soil 
may be in general profitably effected. Let us illustrate this in the case 
of a .poppy- field brought to a state of exhaustion by successive crogp for 
a long series of years : assuming that the crops were^ Indian-com jS§| t u ~ 
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rainy season, dnd poppy in the cold t season. The more important of 
the ush-constituenfcp of the two plants; in the absence of any special 
analysis of the soils, may be regarded as safe indicators of the sub- 
stances required for th© restoration . of the fertility of the soil, i.e., 
presuming that the soil .after* a series of years ^ cultivation under 
known crops has gradually declined from a state • t>f high fertility to 
absolute sterility. Now, in the first place, as regards the poppy, we 
know that the primary ash-constituents are potash and lime (forming 
upwards of 5b per cent., the several others of a secondary class •rang- 
ing from to 10J per cent.) In the Indian-corn, as in all other 
grasses, silica forms the basic portion of the ash of the nutritive organs, 
i.e. the root, the stem, and the leaves, while the seeds containing but 
. a decimal centage : potash and soda , with phosphoric acid and magnesia, are 
the next important, while a6of secondary import we may note sulphuric 
acid , lime, and chlorine . Having regard, then, to the special food-stuffs of 
the poppy and Indian-corn, there can be no question that the failing 
soif constituents are in the first place the salts , of '’potash and ,lime, 
phosphoric acid and magnesia, while as of secondary note we may 
specify sulphuric acid and chlorine: silica , though forming the major 
portion of the ash of the Indian-cOrn, may be safely overlooked here, 
as being always present in sufficient^ quantities in our poppy soils, for 
all that crop’s requirements and any that may alternate with it. 
As regards the crops now under consideration, therefore, there can be 
no question of the silicates having anything to do with the filing 
crop-producing qualities of the soil. 

5. I wduld thus 'then, set about the restitution of the soil’s ferti- 
lity ; commencing operations as soon ar possible after the poppy harvest. — 
The land in the first place would be roughly turned over with the 
bodali to a depth of from 9 to 12 inches, and thus exposed to at- 
mospheric action during the hot season. With the earliest fall of rain 
in June, I would have it again broken up with the native plough, 
following this, when sufficiently moist and friable, with the hingah, for 
the purpoSb of pulverising the soil and preparing for a green manurial 
crop. The plot und^r treatment, we may assume to be no less want- 
ing in organic than lif mineral matters. Now, as a rule in ‘India, the 
only really practical means of restoring to a soil the former is by growing 
special green crops for direct application to the soil. The plant which 
I consider the best for such a purpose during the rainy seascfn is the 
common “ soni,” CroMaria juncea . Seeds of this plant are everywhere 
available at a very cheap rate; it is of free growth and a oopious 
leaf-producer, while inquiring little or no attention or labour from 
thb seed-sowing until it is sufficiently advanced for cutting. The 
seed should be sown by about the middle of June, allowing, say, 
from six to eight seers per beegha, as ii is of importance to have - " 
a densely set crop. ‘By the close of August the orpp, as a rule, 
will be coming into flower ; it may then be out or uprooted, and at once ' 
buried in the soil . When cut and allowed to lie, even for a short 
period, it not only decays less rapidly, but it also loses much of its 
natural fertilising virtues. The prooess of burying ‘the plant is simple. 
I prefer burying it whole, that is, without cutting it into small pjeoes, 
S 5 tljg plant is thup secured in a much fresher state. , A furrow then, 
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from 18 to 24 inches broad and about a foot in depth,, is opened along 
one side of the plot, the bottom of this being nw bedded with, the 
plant and all covere&iy trenching over the adjoining two feet or so of 
soil, and leaving again an open, furrow*, ior bedding the soni. The 
processes of trenching, bedding, and burj4ng the plant are thus succes- 
sively .repeated until all is finished,* and the green plant thus forms a 
uniform layer at a depth of, say, ten or twelve inches. Assuming the 
orop to have beqn buried by the end of August^it will in ordinary moist 
seasons be sufficiently decayed by the middle of September to permit 
its ’being ploughed over. Lime should be applied immediately after 
this first ploughing at\he rate of from tpt to fifteen maunds per beegha. 
Ploughing should be frequently repeated, and on each occasion cross- 
ing the land at different angles, so as to thoroughly and uniformly mix, 
the decaying matters with the soil. 3 The hingah should also 
occasionally be used. By this treatment the soil will be well 
pulverized by the middle of October. Finally, and immediately before 
the soil is prepared for, the seeds, something like the following mixture 
of mineral substances should be applied : —4001b. superphosphate 
of lime ; 3601b. shorah ( Potassium nitrate) ; 3601b. sujeemattee ( Sodium 
carbonate ); 2401b. khareenoon (Sodium sulphate) ; 80fb. crude magnesia , 
and (as a fixer of those nascent gaseous matters resulting from 
the mutual actions and reactions of the various mineral ajjd 
organic substances in the soil) 4001b. of charcoal dust. In all 
I wcfiild thus apply 18401b., which is equal to 473 grains per square 
foot, to the beegha of 27,225 square feet. The above application, 
I should state, is with the view of restituting the fertility *of the lands 
for both rainy and cold seasons’ propping 1 - the crops Indian-corn and 
poppy respectively. I should tfilso observe that Indian-corn, as drawing 
largely on one of the most important mineral constituents of the poppy- 
tends to accelerate the exhaustion of the soil for opium produce. 
Again, lime , though an important constituent of the poppy, is but 
Bparangly utilised by Indian-corn, while with magnesia tfce obverse is 
the case ; so also with the soda salts, which are of high import to the 
Indian-corn in its vegetative period, being largely present in the roots, 
stem, and leaves ; while in the poppy they haVe but minute decimal 
values, if present at all. 

6. The above application of mineral substances will meet the 
wants of both crops, ie. 9 poppy and Indian-corn. It will also do this 
without prejudice to either, each assimilating k those substances that 
are necessary to its organisation. Plants, I need scarcely*, remark, 
possess a more or less definite physical constitution, dependent on that 
selective quality by which they imbibe and assimilate in due propor- 
tions the inorganio components peculiar to their living structure. It is 
fhus that plants of differentkinds, when grown alternately (or together, 
if their respective habits favour it), tend to prolong the soil’s fertility, the 
roots of each imbibing unequal quantities or special kinds of inorganic 
matters, and they thus, so to speak, live on one wotheT’sj'ejectamenta. 
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CHAPTER V. 


MANURES; THEIR APPLICATION TO THE SOIL. 

• • • 

1 — hUroductory remarks. «2 — Division of manures , as organic and inorganic . 
3 — Green * vegetable manures. 4 — Jute or soni water. 5 — Dry vegetable 
manures. §—The relative manurial value of different vegetable substahces. 
7 — Animal manures. * * 

The application of manurial substances to the soil, "though but 

* ^little practised in tropical agriculture, is no less necessary to sustain any 

high degree of fertility, than in that of extra-tropical on temperate 
latitudes. It has indeed been remarked that within the ‘tropical zones 
no high tillage is necessary, the luxuriance of vegetation being so great 
that most of the products of the soil will r grow iqdisdriminately in c their 
particular Seasons, and the only care of the husbandman, after the 
first preparation of the soil, is to keep down the vast growth of weeds 
which would otherwise overgrow ther crops. This is a great mistake ; 
especially has it fallacy been shown, as we have seen, in many of the 
Ajnerican States, where in the course of a few years virgin soils of the 
highest fertility were hopelessly impoverished by the continued 
extraction of the whole crop, without extraneous returns. Practically 
or theoretically, there can thus be no question that the soil in tropical 

• countries will* as bounteously reciprocate to high tillage as it does in 
the extra-tropical zones. The highest- farming, assuming it to be skil- 
fully and prudently conducted, will everywhere prove the most 
remunerative. • 

* 2. Manures naturally divide themselves into two classes, viz., 
organic and ino rganic . We need here notice those only that are more 
esf>e$Ml^^ opium husbandry. First for the organic manures, 

or those *0f a vegetable and animal origin. The dissolized parts 
of living and dead, plants contribute largely to the fertility of 
our best soils. Thdp* may be applied with special advantage 
to clayey soils poor in organic matter, as tending to render, 
them more friable and lighter, as also affording a supply of 
organic food. “ Again they also,” remarks Johnston, “ yield to*the root 
those saline and earthy matters which it is their duty to find in the 
soil, ancLwrhich exist in decaying plants in a state more peculiarly 
fitted to enter readily ^nto the circulating system of new races.” 

• 3. Green manures . — Vegetable matters in the green state, as a 
manurial agent, have an immemorial usage in Chinese agriculture, 
and are still largely used in that* country. Green manuring was also 
practised by the ancierffc Eomans. Columella writes — “ lupins, beans, 
peas, lentils, and vetches are said to manure the land.” Of lupins and 
vetches I believe this to be -truly the case, provided they be cut down 
green and ploughed in before they are dry. Varro also 'says ~ “ there are 
many plants which, when cut down and left on the land, improve the 
soil. Thus lupins for instance are ploughed into a poor soil in li§u of 
manure.” The practice is still continued by the .modern Italians. 
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It is indeed not unfrequently " practised throughout the continent of 
Europe, as also in the British islands, and that by the most advanced 
agriculturists. Strangely enough, it is nowhere, as far as I can learn, 
practised by the native agriculturists in this country, though from the 

general paucity of oiganic manures it # is specially applicable In 

North America, Indian corn is sown upon poor lands at the rate of 4 to 6 
bushels per acre, and- two and even three crops are cut and ploughed 
in during the dimmer, and in some parts the clover is never cut, but 
ploughed in as the only manure. As green manurial applications to 
our’ poppy-fields, I know no better.plant for rainy season growth than 
the soni — Crotolaria Juncea . It should J)e sown in the commencement 
of the rains; say* by the middle of June, and cut when the flowers have 

1 ‘ust begun to open, which will be about the end.of August. It shotild, 
>e buried in a fresh state, as previously described : ploughing may be 
commenced by the close of September and regularly continued with 
occasional draughts of the hingah, for the thorough pulverization of all, 
until # about the iftiddje of October, when poppy-seed sowing should be 
commenced. 

a.— Various other, of the rainy season annuals might of course 
be used for the above purpose. I need not, however, particularise any 
here, as I have found soni to serve this purpose well. I would only 
recommend as a substitute for soni on the clayey or more tenacious class 
c\f soils, a green crop of Indian-com or one or other of the common 
millets, — cheena, jowar, ehujura, and the like — which, more than 
soni, tend to lighten and loosen the soiL 

h. — Another important manurial agept of the abotfe class is not 
unfrequently available in large quantities' in our poppy districts, viz., 
tank-weeds, the various jhanjm , and the sin gar a, &c., of the natives. 
These form most valuable manurial agents and may either be applied in 
the fresji state as taken from the tank, or collected as the* tanks dry up 
in the hot weather, and heaped in some convenient place for applica- 
tion dto the soil, burying all with the plough in October. If the 
heap is turned occasionally all will be thoroughly well decayed by 
that period. # 

4. lender this head also I would particularly draw attention 
to the jute or soni water {i.e., the water in which those plants- are 
steeped for maceration), which is a most excellent fertiliser. I have 
had experience of its value as a poppy fertiliser, and there can be 
no question that it would similarly inorease the fertility of the soil 
for the majority of our agricultural products. It appears, however, to 
be nowhere utilised, though largely available ii^ many districts. The 
period when the soni is mature and undergoing maceration is the 
close of the rainy season, which, as immediately preceding the period , 
for the final preparation of file lands for puppy, suits well for a first 
irrigation. As many of % those soni-steeping tetftks however, dry up 
* soon aftenthe close of the rains, it might be necessary to irrigate the 
lands in the intervals of ploughing, or failing this, should the water 
get dried up, the surface soil of the tank or jheel^ may%be applied 
with advantage. . . r Professor Johnston thus summarises the fertilising 
influence of green manurial applications— 44 Their fertilising ^pro- 
perties will be understood urb m we remark ^that three-fourths of the 
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whole organic •matter, we bury has been derived from the air; that by 
thisr process of ploughing in the vegetable matter is more equally 
diffused through the whole soil than it could ever be by any mecha- 
nical means ; and that. by the natural decay % of this vegetable matter 
ammonia and nitric acid afe to^ a greater extent produced in the soil, 
and its agricultural capabilities nrconeequence materially increased.” 

• • 5. Dry vegetable manures. — Dry vegetable matter generally decays 
very slowly, and as compared with that in a fresh* or lesB or more 
fermented state, when applied to the soil, its efficacy is more gradual 
and prolonged. Though the immediate action is not so perceptible, yet, 
as Johnston remarks, “ the ultimate benefit to the soil and the crops 
may be even greater than when fully fermented, supposing them to be * 

. sufch as require no special forcing at one period of the year. This is 
easily understood. While* undergoing fermentation the ‘straw loses 
part of its substance, either in the state of gaseous matter which escapes 
into the air, or of saline matter which is washed out in the liquid form. 
Thus after complete fermentation the quantity of mtitter really present 
is less, and consequently when added to the soil, though the immediate 
effect upon the crop be greater, the whole effect may also be very consi- 
derably less.” Of matters in the above state the following only need be 
noticed here : — 

* (a.) — Leaves of trees . — In the agricultural tracts of this country, 
where these substances might be applied with advantage to the soil, 
from the general paucity of fuel, they are for that purpose the perqui- 
sites of the poor classes. When fermented and decayed, leaves form 
what is called vegetable mpuld — a substance indispensable to the hor- 
ticulturist, and a valuable, application to stiff, clayey soils, as rendering 
them of looser texture, &c. * 

1 (b.) — Poppy* stalks. — These have a highly fertilising action, as 

having a rich* mineral ash, and are especially applicable to poppy soils. • 
Unfortunately the assamees return neither those nor their leaves to 
the soil, the latter being- very generally collected and sent to the factory 
as a packihg substance for the* opium, while the stalks are all used for 
fuel. The ash, howeyer, it should be stated, is largely returned to the soil 
along with that of other fuel matters, and this is of a high value, as 
affording upwards of 45 per cent, of the plant’s mineral food-stuffs. 

I have under experiment this season two beeghas of land treated with 
poppy refuse — one on which the stalks, &c., were simply broken down 
and applied to the soil*; another on which previous to application they 
were mixed with lime, heaped and fermented. The latter, as might be 
expected, has been th%more stimulative : the crop of more rapid growth 
arid gross habit, though in the other case also the advantage is obvious, 
as compared with adjoining and untreated props. 

(c.) — Oil cakes. — The oil expressed, seed-refuse of the poppy , rape , 
tesee, and castor-oil plants, &c., are all of ^igh efficiency as manurial 
agents. The latter, castor-oil cake, is perhaps of more immediate action * 
than the others, accelerating vegetation in a marked “tfay, but we have 
yet to learn as to their relative efficacy on the opium-jproducing quali- 
ties of the poppy. As regards their application to the soil,, they should 
in the first instance be thoroughly pulverised and then spread equally 
over the land at the rate # of from 5 to 8 maunds per beegha. They 
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may be indifferently applied when the seed is being so^n, ’or immediately 
before it, when the land is last ploughed. 

(d.) — Char coal* powder, ashes, 8fc. — These substances, though less or 
more wholly of a mineral, character, as being of vegetable origin, may be 
noticed under the abfcve head. Charcoal is* produced by “ stifle -burning” 

( i.e ., heating in a clbsed vessel, er with the least possible access to air) 
wood, and other vegetable matters. Charcoal-powder possesses ihe 
remarkable properties of absorbing noxious vapours frorfi. the air and 
from the soil, and of extracting unpleasant impurities as* well as saline 
substances from water* and of decomposing many saline compounds. It 

* also sucks into, its pores much oxygen and other gases from the air. 

* Owing to .these and other properties it forms a* valuable mixture with 
liquid manure, night-soil, farmyard manure, ammcmiacal liquor, or other . 
rich applications to the soil. It is even capable itself of yielding slow 
supplies of nourishment to living plants. {Johnston.) It is an excellent 
vehicle for the diffusion of urine in the soil. I have thus a£plie£ it 
with .marked advantage to the poppy, as also ammoniacal liquor, i.e. 
water rich in ammonia, distilled in the manufacture of coal gas. 

(e.) — Straw-ashes. — In this country straw is never burned for the 
ash, all being used up as cattle food-stuff, while the stubble is collected 
for fuel. 

(h.) — Ash of the husk of rice, wheat, and barley. — The rice husk is 
generally burned by the natives of this country, while that of wheat 
and Parley is mixed up with the dry and cut stalks of the various pulses 
and cereals and forms the staple food-stuff of cattle in the cold and hot 
seasons. It is the bhoosa of the natives. . • # 

Ashes — rakh or rhakistar of the natives.— This is a valuable manurial 
compound, consisting of the mineral matters of cattle excrements, and 
a variety of vegetable substances. The value of this rakh is well known by 

* the native agriculturists, and thpy are careful to collect it for application 
to the lands. It indeed in general is the only manurial return which they 
make to their lands. The manurial value of these ashes would be greatly 
enhanced if they were kept dry, and not left as they usually 'are, iully 
exposed to the weather : rain washing out the .whole of the soluble 
portion of "the salts and leaving only the insoluble and earthy matters 
behind. The real active ingredients, i.e., those immediately service- 
able as a vegetable food-stuff, are thus lost, and amongst those one 
speciallytsuited Jo the poppy. This is potash, which, as is well known, 
is largely obtained for commercial purposes by Washing common wood 
ashes. The ashes, then, as applied by the natives to their fields are 
generally in what is called a lixiviated state ; that*s, the icashed refuse of 
the original ash. 

# 6. The relative manorial value of those different vegetable 

substances is estimated by the quantity and kind of mineral matters 

.they respectively contain, *and the proportion **<5f nitrogen. “Some 
writers,” remarks J ohnston, “ ascribe the entire action of these manures 
to the nitrogen they contain. This, however, is taking a one-sided 
view of their natural operation. The nitrogen during their decay is 
liberated chiefly in the form of ammonia — a comparatively evanescent 
substance, producing an immediate effect in hastening or carrying 
forward the growth of the plant, hut not remaining permanently in the 

c 
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Boil. The reader therefore will form an opinion consistent alike with, 
theory and with practice if he concludes that the immediate effect 
of vegetable manures in hastening the r< growth of plants is dependent 
in a great degree upon. the quantity of nitrogpn t^ey contain and give 
off during their decay in th£ soil j but that their permanent effect and 
value is to be estimated chiefly by the quantity and quality of the 
inorganic matter they contain, of the ash they leave when burned. 
The effect of tjie nitrogen may be nearly expended iiioa single season ; 
that of the earthy and saline matters may not be exhausted for several 
years.” — Agricultural Chemistry and Geology. r 

7. Animal manures, in 'general, have a more , energetic action 
than those of. a vegetable nature. They consist of the* parts of 
• animal bodies and of their solid and liquid excrements. Of the former 
the bones need alone be noticed here, as being really the only 
parts available in the opium-producing districts. C&ste prejudices, 
ho ( wever, stand in the way of their use,, and of course only the very 
lowest class will apply them to the land. I have experienced this 
difficulty ; and in trying crushed bones on a few of the plots in the 
experimental poppy gardens under me, I could not get one of my own 
work people to touch them, so that to get them spread on the soil I had 
to engage a few of the Dome caste . Those trammels of caste, of old 
customs, methods, and prejudices, are ever in the' way of innovations 
on the time-honoured modes and notions of the Hindoos. 

(a.)— Bones are applied to the soil in various states, and according 
as they have been less or more finely crushed do they correspondingly 
exercise a less or more‘ immediate and prolonged action on vegetation. 
As regards their manurial efficacy, it is sufficient to know that they are 
alike rich in organic and inorganic matiers, affording of the former 
'about 33 per cent, and of the latter 67 per cent., consisting of lime, 
magnesia, salt, and phosphoric acid, r as phosphates in part of the 
proceeding bases. These, it need scarcely be remarked, are all highly 
essential to the fertility- of the soil. — First then as to crushed bones and 
bone dust " As bone-mills are" not to be had in our poppy districts, the 
common soorkee mill affords an excellent substitute. By this, bones 
may be prepared for the soil in either of the above conditions ; 
the latter, as of more immediate action, is generally preferred. Coarsely 
broken bones may also be rendered actively efficient fertilisers by the 
following fermentive process, as explained by Mr. gtepheifcs in his 
Book of the Farm : — d Mix in equal parts bones, with sand, mould or saw- 
dust, irf a flat-topped heap. The bones and other materials should be 
well drenched with water. In a few days such a heat will he gener- 
ated in the heap as to render it unbearable by the hand. The heat 
may or may not be allowed to die put before the heap is used. 
A large heap makes better manure than a small ohe Large bones 
may be reduced by fermentation in this .way, by turning the heap 
over at the end of a fortnight and watering it afresh, anjlut the end 
of a month r very few whole ‘bones will remain. ” 

(b.)*+- Dissolved bones. — The most readily available fonn hi which 
bones can be applied to the soil for vegetative effect is by 
reducing them in sulphuric acid. “ For this purpose the bone-dust 
is mixed with on^-half it$ weight, and sometimes with its own weight| 
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of sulphuric acid (the oil of vitriol of the shops), previously diluted 
with from one to three times its Tbulk of water. Considerable effer- 
vescence takes place at first, , # from the action of the acid upon the 
carbonate of lime in thp bones but after two or three days, with 
occasional stirring, tne bones are entirely* dissolved or reduced. The 
solutiojn or paste ma^ now be dried frith charcoal dust, fine vegetable 
soil, or other matters', and applied with the hand to the soil.” — Super- 
phosphate of banes is a most active and efficient fertiliser. The 
preparation of it is* thus described by Mr. Johnston:— “When burned 
bones are digested with sulphuric acid diluted with three times its bulk 
of water, gypsum (sulphate of lime) is produced, and falls to the 
bottom o£the solution, while the phosphoric adid and a. portion of the 
lime remains in the sour liquid above it. When *this liquid is boiled • 
down or evaporated by dryness it leaves* a white powder, which is 
known by the name of acid or superphosphate of lime. As the 
ordinary burned bones are difficult to dissolve in the soil, and* as $ie 
acid superphosphate is.more easy of solution, it is likely to be taken off 
more readily by the roots, and thus more rapidly to aid the growth of 
plants. — (Agricultural Chemistry and Geology , p. 275.) Y 

( c .) — The rate at which boned* in the different states above noticed 
may be applied to the soil is about the following : first, crushed bones , say 
from 10 to 20 maunds perbeegha; second, dissolved or sulphuretted bon^ 
from 8 to 10 maunds ; and third, the superphosphate of bones , from 6 to 8 
maufids per beegha, i.e. the Behar beegha of 27,225 square feet. In 
regard to the season and mode of application, it may be observed that the 
crushed bones , as being in the least soluble state, *and thus of less imme- 
diate though more permanent action than ‘either of the others, may be 
applied about the close of September, when the soil is being ploughed, 
so as to have them thoroughly mixed and aerified with the soil by the 
time it is prepared for the seed* Thus treated, the first crop will derive 
a more immediate effect than if applied later. — Dissolved bones and the 
superphosphate , as being in a very soluble condition apd readily available 
to the crops, should be sown along with the seeds, or, perhaps better, after 
the first irrigation and immediately before the soil is loosened, pulver- 
ized, and levelled to promote the germination of the seed. There will 
thus be less risk of the more soluble components being washed down 
beyond the reach of the plant’s roots, as in the case of its application 
with thf seed # and the immediate irrigation of the soil. To effect 
a more equable diffusion of these substances over the soil, they may be 
advantageously mixed in about equal quantities with charctml dust, 
nr, where available, kunker dust . Both will tend not only to promote 
the efficiency, but prolong the action of the bones. 

(d.) — Farm-yard manure — This consists of the straw and other 
materials used as food or litter to such animals as the horse, cow, sow, &c., 
and of course increases in .value with the. quantity of their excrements 
mixed with it. That so-called in India, as compared with that of 
British* home-fahns, is indeed a sorry product, chiefly ^consisting of 
the solid excrements of the cow and buffalo. The mammal value of the 
product is also greatly decreased* by the lower feeding of the animals, 
mainly g»s§ — dry or fresh— and the dried stalks of the pulses and 
cereals. The seeds and grams of these are rarely giyen them, and thus, 
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as compared withihe mixed manure of the English home-farm, it must 
be largely deficient in those phosphatic salts which so much enhance 
the value of the latter. It may also b.e observed* that the grain and 
seed produce of the native- agriculturist, as .compared with that of an 
English farm, will afford arf inferior food-stuff, as being deficient in 
phosphates. We thus cannot sa£ of* the Indian* farm manurp what 
Mackintosh correctly says of that product from the British farm- 
yard, “that* it is the most effective fertiliser yet known; that 
although others may be equally quick in their effects, yet none of* them 
are so lasting. Compared with inorganic fertilisers, it may be' set 
down as the substantial' food of plants — they are stimulants, producing 
a sudden and ephemeral effect, leaving the plant much in the condition 
* of 'an animal pampei^d with rich food in youth and left to shift for 
itself before it has arrived at a state of puberty.” 

(e.) — As regards the state in which farm-yard manure should be 
applied* to the soil, there can be no question that the fresher it is applied 
the better. In the dried or decayed state its .fertilising qualities are 
greatly deteriorated. Thus, direct experiments have shown that “ 100 
act. of fresh farm-yard manure are reduced to 80 cwt . if allowed to lie 
till the straw is half rotten; to 60' cwt. if allowed to ferment until it 
becomes .fat and cheesy ; and again if completely decomposed it is 
reduced to 40 or 50 cwt. Now chemical analyses have shown that 100 
cwt. of fresh farm-yard manure contains about 401b. of nitrogen, and 
that by fermentation during the first period 51b. of this is dissijpated 
in the form of volatile ammonia; in the second 101b.; in the third 
20ft. Completely decomposed manure has thus lost about one-half of 
its most valuable constituents. The ^practical deduction which appears 
to be warranted by these experiments is, c where it is possible, to apply 
farm-yard manure in a fresh state to the land.” (Morton.) 

* (/) — Johnston makes the following remarks on the, relative 
fertilising value of the dung of the cow, horse , and pig : — “ So much of 
the saline and soluble organic matters in the excretions of the cow pacs off 
in the liquid form that its dung is correctly called cold , since it does not 
readily heat and run into fermentation. Mixed with other manures, 
however, or well diffused through the soil, it aids materially in 
promoting vegetation. The horse, being fed generally on less liquid food 
and discharging less urine, yields a hotter and richer dung, which is 
admirably fitted for bringing substances into a state # of fenrjentation, 
but answers best for the land when mixed with other varieties of 
manure:' The dung of the pig is soft and cold like that of the cow, 
containing like it at*least 75 per cent . of water: applied alone as 
manure to roots it is said to give them an unpleasant taste, and to 
injure the flavour even of the tobacco plant.” — (Agricultural Chemistry 
and Geology.) t • 

(g.) — Night-soil is the most energetic mqnurial agent of all the solid 
excrements of animals. In the principal cities and large* towns of* 
Britain, as oi$ the continent ctf Europe, it is now sedulodsly collected and 
prepared in various ways so as to destroy its offensive smell, while 
retaining its high fertilising qualities. In China it is kneaded into 
cakqs with clay, dried in the air, just as the natives here prepare and 
dry their cakes of cow duqg, and under the name of iaffo is extensively 
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exported to the agricultural districts from qll the .large towns of 
the empire. In Persia also it is largely used by the agriculturists after 
being dried in thS sun and .powdered. Caste prejudices and old 
customs, however, d^bar jts use 'in any of* the abpve forms by the native 
agriculturists of this- country. . They are? however, not the less alive to 
its eminent fertilisiifg qualities, and thus though its manipulation in any 
form is religiously avoided, they encourage stooling on their lands, end 
as rendering them haunts for such purposes, those in the vicinity of 
villages at intervals of from three to four or mpre years are sown 
with arhur, and such JMflisgrowijig plants as afford the necessary 
cover. # 

[h.) . Dropping of birds. — The droppings of domesticated and 
wild birds are also highly energetic, and most .powerful promoters* of.' 
vegetation.* They possess the united virtues of both the liquid and solid 
excrements of* other animals. They contain every part of the. food of 
the bird, with the exception of what is absolutely necessary ♦for the 
support and for tBe right discharge of the functions of its own body. 
It is thus fitted to return to the plant a greater number of 'those sub- 
stances on which plants live than either the solid or liquid excrements 
of other animals ; in other words, it is the most propititious of all to 
vegetable growth. [Johnston.) Of these we need only notice here the 
well known guano , «.s the droppings of certain fish-feeding birds (eo 
massively deposited on the rocky shores and isles of the Peruvian coast) 
have* been called by the natives of Peru. It has been immemorially 
used in the agriculture of that country, and was first introduced to 
European agriculture by Humboldt in 180^, though it wat fully thirty 
years later ere it was at all appreciated by the agriculturists of Europe. 
It is now admittedly one of the most powerful of manurial agents. As 
containing, however, but a very small quantity of pdtash — an essential 
food-stuff of the poppy— it is ^necessary to supplement if with a light 
application of shorah or crude mtrate of potash, should there be a natural 
deficiency of that alkali in the soil. As regards its application to the 
poppy, it may be either applied when tho seed is sown, or afterwards as 
a top-dressing to the young crop. As a top-dressing it should be applied 
cautiously, say at the rate of one to three maunds 'pfer beegha. If applied 
when the seed is sown, it may be applied more freely, (its more energetic 
qualities being absorbed and stored by the soil for the future use of the 
crop) ; fifty at the rate of from three to six maunds per beegha. In addition 
to this, however, and-especially in lands poor ftt potash, the fertilising 
effects will be gpsrffiy enhanced by an admixture of from twcr -to four 
maunds of shorah, and as an absorbent or storej of the more volatile 
matters, an^qual quantity of charcoal powder or gypsum. 

(i.yytfrine qf animals .— The liquid excretions of animals, though 
fess generally used in this country — all but wholly lost — are equally as 
valuable manurial agents as the solid matters. They are rich in 
nitrogen,* ammonia, and other organic alkalies, and contain in solution 
all the more valuable growth— promoting salts. As compared with the 
solid excretions, ‘they thus act more powerfully on vegetation in 
the first instance; their aotion, however is less prolonged. The 
fertilising properties of animal urine are now obtained by various 
methods in a solid and concentrated form. m Thus burned gypsum in a 
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powdery state is infixed .with urine in the proportion of seven gallons of 
the Matter to ten pounds of the former. The mixture is allowed to 
stand some time, being occasionally stiiyed ; the liquid is then poured 
off, and the gypsum, now enriched with a considerable percentage of the 
urine salts, is dried, and th&i k©own as urate. • Again, by another 
method we have a preparation knoVn as sulphated Urine. This, as con- 
taining all the saline matters of the urine , with the addition of 
sulphuric acid, ^possesses more powerful fertilising properties than the 
urate. It is largely prepared by manure manufacturers, thus — “They 
mix as much sulphuric acid with the urine as is ^sufficient to combine 
with and fix the whole of the ammonia which may be produoed during 
the decomposition of th6 urine. The mixture is then evaporated to 
.dryness, and is sold r and applied in the state of a dry powder.” 
{Johnston.) This, mixed with equal quantities of ashes op soni- water ^ 
would form an excellent top-dressing for poppy. • 

. (J-J — An excellent method of enriching the land, and which as 
being practised by the natives, may be noticed here * This is by folding 
cattle on 'them, and especially by eating off stubble, &c., with sheep. 
The practice deserves every encouragement, the mixed excrements of 
the sheep having much more powerful fertilising properties than those 
of the cow or the buffalo. Thus, with reference to the relative quanti- 
ties of nitrogen, it has been shown that 28^1b. of tire mixed excrements 
of sheep will produce the same fertilising effect on the soil as lOOtb. 
of the solid excrements of the cow, while with mixed excrements oT the 
latter the relative values are as 37 to 100. In both forms the excre- 
ments of the cow are ttflis very inferior to those of sheep. 


. CHAPTER VI. 


MANURES; THEIR APPLICATION TO THE SOIL. 

1 — Introductory remarks on inorganic manures. 2 — Lime and its salts. 3 — The 
potash salts. 4 — The soda salts. 5 — The magnesia salts. 6 — Iron and its 
salts . 7 — The ammoniac compounds and salts . • * 

Inorganic or Mineral Manures. — A most important class of 
manurial agents is predated by certain mineral bases and their saline 
compounds. Of the former, lime is the most generally important, and of 
the latter the phosphates, sulphates, and nitrates are preeminent ferti- 
lisers. They constitute the essential f ood-stuffs of plants, and if deficient 
or absent in o'ur lands* crops will languish ac^l die. Henoe the whole 
art of manuring, as Johnston remarks, consists in adding to the soil 
those matters in which it is deficient, in a proper chemical condition and 
in the requisite proportions. * . 

2. Lime. — Thus mineral is applied in various states, the following 
of wljich may be briefly noticed here, viz. the sulphate , the phosphate p and 
the carbonate. 
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(a.) — Sulphate of lime , or gypsum Water thoroughly saturated with 
lime and mixed with a few drops of oil of vitriol of the shops— sulphuric 
acid — will render it inilky and QfLUse a white powdery deposit. This is 
gypsum or sulphate of lime, and consists of •lime, in combination with 
sulphuric acid.' It* is an extremely usiful application, specially so 
of course, to lands* deficient in lime and sulphur, while, besides its 
specific fertilising qualities, it is a powerful absorber or fixer of ammonia*. 
It is an excellent poppy fertiliser, and may*be either .sown with the 
sgfcd* or applied as a top-dressing to the young crops.* 

(6.) — Phosphate of lime.— This excellent manure is largely prepared 
from bones: their white earthy residue burned in the open air 
consisting, of upwards of 55 per cent, of phosphate of lime. It is 
also found as a native mineral in many countries,* and has thus been « 
applied with advantage to the soil, without hny artificial preparations. — 
The acid or superphosphate of lime is also a powerful fertiliser.. It is 
largely manufactured in England from a deposit in the tertiary* strata, 
occurring on the eastern shores of Norfolk and Suffolk, and known as 
the Crag . It consists largely of rounded flinty nodules, frequently 
called coprolites , and containing as much as 50 per cent, of phosphate 
of lime. This mineral phosphate is prepared for agricultural purposes 
by mixing the ground product of the crag nodules with about an 
equal weight of strong sulphuric acid, and then drying the wholfc. 
As containing the two basio mineral constituents of the poppy, it will 
doubtless prove an eminent fertiliser for that plant. 
f ( c .) — Carbonate of lime . — This is by far the most common of the 

lime compounds and most generally used .by the agriculturist. The 
limestones when of a pure variety consist, almost wholly of carbo- 
nate of lime. In this natural*state, however, the lime is of low agricul- 
tural value, and cannot be reduced by any mechanical means to a state 
of comminution in which it is available to plants. It is thus neces^kry 
to subject it, in the first instance to the kiln, and thereby dissipate the 
whole of the carbonic acid and watery matters; leaving as a residue the 
pure mineral lime. “In this state, ” remarks Johnston, “it is known as 
burned lime, lime-shells, caustic lime, and quicklime, and possesses 
properties* very different from those of the unburned limestone. It 
has a hot alkaline taste, absorbs water with great rapidity, falls to 
powder or slakes, and finally dissolves in 732 times its weight of cold 
water • §. . . ^hen quicklime is left exposed to the air, even in 
dry weather, it gradually absorbs moisture *from the atmosphere 
and falls to powder without the artificial addition of wat8r. . . . 
It then absorbs carbonic acid, and is thus reconverted into the dry 
carbonate of lime . . . . Now, it may be asked — as the lime thus returns 
tp its original state of the carbonate, what is the use of burning it P 
The benefits dre partly mechanical and partly chemical. By slaking, 
the burned lime falls to an. exceedingly fine blllky powder, and may 
thus be equally distributed over a large area and intimately mixed 
with the soil. Now, neither limestones not chalk could b^ economically 
so oomminuted by any available mechanical means. Again, ^by burning 
the lime is brought into a caustic state, which it retains for a longer or 
shorter period, till it again absorbs carbonic add from the air or ^om 
the soil. In this caustic state its action, upon the soil and upon 
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organic matter is \piore energetic than in the state of mild lime ; and 
£hu4 it is fitted to produoe effects which mere powdered limestone or 
chalk could not bring about at all. Tim following are the four distinct 
states of chemical combination in which lime after being burned may 
be artificially applied to ,th$ sftil • 

Quicklime or lime shells , in which the lime as it comes from the 
kilft is unoombined either with water or carbonic acid. 

Slaked tme or hydrate of lime , in which by the direct appli- 
cation of water it has been made to combine with about one-fourth 
of its weight of water. In both the above states /he lime is caustic , and 
may be properly spoken bf as caustic lime. 

, Spontaneously slaked lime, i.e. by absorption of ‘moisture from 
- the atmosphere, in which one-half of the lime is combined with water and 
„ the other half with carbonic' acid. In this state it is only half caustic. 

Carbonate of lime , the state in which It occurs it nature, and 
into which burned lime, after long exposyre to the air, is more or less 
perfectly converted. In this state lime possesses no* caustic or alkaline 
properties, and is properly called mild lime — Lime in Agriculture. 

{d.)— The rate at which it is applied to the land varies with the 
natural condition of the soil : the stronger clays and such as contain much 
vegetable matters requiring most, say from 10 to 20 maunds per 
bUegha. Of course very much larger quantities may be applied with 
increased advantage. Thus we find lands naturally poor in lime under 
high-farming in Britain getting doses of from 10 to 40 tons* and 
upwards per imperial acre, which is equal to about 262 and 1,150 maunds 
per beegha. To the lighter and poorer class of our poppy lands it may 
be applied at the rate of, irom 5 to 10 maunds per beegha. There 
would be further advantages by an additional application of animal 
manure, or say from 5 to 8 maunds of oil-cake. The lime might be 
applied after the close of the rains, duriyg the ploughing routine ; the 
oil-cakes immediately before the sowing of the seed. 

3. Potash. — BLy dissolving the common pearl-ash of the shops 
( a carbonate of potash) with 'water and boiling with quicklime, the 
carbonic acid is dissipated and potash alone is obtained. It forms 
a basic component in the ash of the poppy, and may be applied with 
advantage to that plant, either in the form of a sulphate , nitrate , phos- 
phate , carbonate , or silicate . 

(a.) — Sulphate of Potash. — This’salt would doubtless be an excellent 
manure for the poppy,’ as affording with the potash sulphuric acid ; an 
eminent 'promoter of vegetation. 

( b .) — Nitrate of Potash. — Nitre or saltpetre is the potassium nitrate 
of *the chemists, and a compound of nitric acid and potasso. The shorah 
of the natives is a crude saltpetre and an, abundant product in many 
of the poppy, districts^ ps elsewhefe in India. It is aii excellent applica- 
tion for the poppy, arid may either be applied as a top-dressing at 
different stages of the crop, or sown after the sowing and firsfr watering 
of the seed, yrhen the l&id* is finally pulverised and levelled for its 
germinatioa. It may be applied to the soil at the rate of from one to 
four maunds per beegha. • 

,( 0 .)— Phosphate of Potash. — This salt is known in two forms, -?-one 
in which the potash is in expess of the phosphoric acid, the other in which 
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.there is an exoess of the latter. They are prepared Hy- heating burned 
bones with sulphuric acid. The gypsum which forms, being separated ; 
carbonate of potash* is applied..in quantity sufficient to neutralise the 
acid ; in other words* until it does not redden litmus. The clear solution 
is then concentrated* by evaporation, aftd.thp phosphate separates in 
crystals as the liqulcl cools. If the solution is thoroughly evaporated 
we have a compound* consisting of 56*94 potash and 43*06 phosphbric 
acid; while if it be only concentrated, and* then set. aside to cool, 

’ the ^potash forms 34*40, the phosphoric acid 52*48, there being also 
present 13*12 water. .Both are readily soluble in water, though per- 
manent in the a^r. They are likely to be specially useful to the poppy, 

* if applied *as a top-dressing to the plant id the later stages of its . 

development. • • * 

(d.) — Carbonate of Potash, — The carbohate of potash, the dry pearl- , 
ash of the shops, consists of 68*2 of potash and 31*8 carbonic acid. 
Unlike the phosphate, it rapidly absorbs moisture from the air ahd deli- 
quesces or becomes liquid r it is thus readily distinguished from the 
carbonate of soda, which at ordinary temperatures gives off water and 
ultimately forms a dry white powder. Pearl-ash is likely to prove 
a useful top-dressing for the young poppy ; its value would doubtless 
be further increased if mixed with lime. Ashes— the rakh of the 
natives — as consisting largely of crude pearl ash, with a varying 
percentage of the sulphate and silicate of potash, also forms a valuable 
application to either the soil or the plant. In combination with lime 
its fertilising value would be much increased. 

( e .) — Silicate of Potash. — The silicate qf potash is prepared in two 
forms, first by melting one part by weight of. carbonate of potash with 
three of silica, then consisting iff about 82 of silica and 18 potash ; again 
by melting one part of carbonate of potash with two oT silica, it consists 

* of 75 o£silioa and 25 of potash. As regards the functions of this stilt, 
as also of the silicate of soda, Johnston remarks that it may be either 
to supply to the soil with the soluble silicates of # potash or soda in 
which it may be deficient, or, if they are •decomposed in the soil, with 
soluble silica and with the carbonate of potash and soda. The silicate 
of potash may probably prove less useful to the poppy than the other 
forms notioed above (silica being one of its less important food stuffs), 
though from its ready solubility in water, and as being decomposed by 
the cart*)nio a$d other acids in the soil, it cannot but directly or 
indirectly promote the growth of the poppy. In 'concluding these notes 
on the potash salts, it may be observed that from their great sdl«bility, 
they will prove mostbenefioial to the poppy if applied at the later stages 
of its growth ; say with the appearanoe of the flower-buds, as being 
tljen more likely to increase the alkalies in the drug. 

4. Soda. — Sdda in any of its forms appears to be but little 
, utilised by the poppy; it, has, however, in rfc> 'instance* been found 
" really prejudicial to the plant, and the adds in combination with it 
are all eminent 'fertilisers. I may thus briefly notice a few of its 
compounds: — . * 

(a.) — Sulphate bf Soda. — Salt cake, the Glauber’s salt of the shop, * 
whence the “ globber ” or " glouber ” of the, natives, by whom it is*also 
called kharemoon, consists of sulphuric acid apd soda. It is a common 

d 



26 


OPIUM HUSBANDRY. 


educt of the soil fci many parts of the plains of India during the dry. 
geas&n, appearing as a snow-like efflorescence. In the northern poppy 
districts it is very abundant, rendering tracts of land utterly worthless 
for arable purposes. Though* thus in excess, utterly sterilising the 
soil, it is an excellent .vegetable- stimulant, and- is largely applied to 
lands naturally deficient of it for the growth o*f clover, the yarious 
agricultural grasses, and other green crops. 

(6 .) — Carbonate of Soda . — This is the common soda^of the shops ; it 
consists of soda 21**8, carbonic acid 15*4, and water ‘62*8. It is a" lpasic 
ingredient of the evil-famed reh, *which has sp extensively overrun 
tracts of land in the canal ranges of the Punjab and North-West Pro- 
vinces. The sajeematee* of the bazaars contains a considerable percent- 
age of the carbonate', with usual small quantities of the sulphate and 
chloride of soda. The carbonate has as yet been but little used in 
agriculture. Johnston thus notices the fertilising qualities of this and 
thq, eafbonate of potash “ they possess the property of dissolving 
vegetable matter in the soil, and of disposing it to decompose and 
become soluble in water. They also dissolve silica, decompose mineral 
substances, and dispose the sulphur of the soil to form sulphuric acid 
and combine with them. They thus form soluble sihcates, sulphates, 
&c., which they convey into the plant.” 

r (c.) — Chloride of Sodium . — This is common salt— a compound of 

chlorine and Bodium : it readily becomes moist in a damp atmosphere. 
Common salt has been applied to the land in various ways, for various 
purposes, and with various degrees of success. It has been used 
alone, dug or ploughed iqto the land, harrowed in with the seed, 
and laid on as a top-dressing on grass, on young corn, and on root 
crops. ... In dry climates salt will rarely do anything but injury. 
In such climated the saline matter, natural to the soil, is brought to 
the surface by waters which rise from bpneath, and accumulates there 1 
so as often to be a chief cause of the destruction of the crops on natural 
herbage. (Johnstons “ Experimental Agriculture”) This evil in the case 
of the poppy, I may observe; is greatly obviated by the regular irriga- 
tion of the plant, though I should only recommend its use in the culture 
of that plant in combination with lime. “ The salt,” remarks'* Johnston, 
“being then decomposed in whole or in part, and the soda of the salt 
is brought into the caustic state, while the lime is converted into 
chloride of calcium.” Both of these are very soluble in watery and can 
therefore readily act ‘upon the soil and upon the plant. Wherever 
commoil salt is useful to the soil, this mode of applying it in connection 
with the lime may bo safely recommended. Lime with salt may thus 
be used as a top-dressing for poppy in the proportion of 40 seers of the 
latter to 120 seers of the former. If so^n with the seed it may be 
applied more freely, say two maunds of salt to six maunds of lime 

(tf .) — Nitrate oT*°Soda. — Cubic-petre, #s this salt is sometimes ^ 
called, consists of 36*7 soda and 63*3 nitric acid. It is a native salt * 
purified by crystallisation from water. It is distinguished from nitre 
by crystallising in rhomboids instead of long prisms, in attract- 
ing moisture and readily deliquesciug in moist air. A favourite 
fertilising agent of the assamees, called noni-mattee , consists, I brieve, 
largely of this and the nitrate of potash. When ^applied as a top- 
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dressing to the young poppy, it has an effect veryjBimilar to that of 
the salts of ammonia, imparting a deeper colour to the foliage, increasing* 
the size and accelerating the growth of the whole plant. In moist 
weather its effects are apparent m.a few days after application, sickly 
looking plants *witb foliage of a pale ydlowish-green then assuming 
a deep healthy grSen. Its efficacy is increased by applying it in 
combination with lime, in the proportion of one of the latter to three 
of the former. • % 

' t d. Magnesia.— Magnesia is not one of the least important of the 
mineral food stuffs of the poppy ; it forms from 6 to 7 per cent . of the 
vegetative organs, ana upwards of 9 per cent, of the seed. As there is 
frequently but a* very smairquantity of this mineral naturally present 
in our poppy soils, it may generally be applied with advantage In , 
any of the following forms, viz., as the sulphate , the carbonate or 
nitrate. . • 

(tf.) — Sulphate of Magnesia . — This is the Epsom salts of the shops. 
The impure salt* can, be had at a cheap rate, and if applied as a 
top-dressing with lime or nonimattee to the young poppy, it may 
be expected to promote its growth. It may be safely applied with the 
above, at the rate of one maund per beegha. 

(6 .) — Carbonate of Magnesia. — The magnesian limestones which 
extend over a narrow tract from Durham to Nottingham a»e 
throughout less or more rich in carbonate of magnesia, containing 
as a* maximum about 45 per cent, of their whole weight. They also 
occur in some of the low hill ranges in India, and some years ago 
were exported in considerable quantities to f England. “ The calcined 
or burned magnesia,” remarks Johnston, “/whether in the pure state 
or when mixed with quicklime, as it is in the magnesian limes, 
absorbs carbonic acid more slowly than lime does, and by mere expo- 
sure to 0 the air may perhaps never return to its origihal condition 
of carbonate of magnesia. When allowed to slake spontaneously 
it forms a compound of hydrate and carbonate, which #is identical 
with the common calcined magnesia of the shops.* Again,' if slaked 
by the direct application of water, magnesia like lime, forms a 
hydrate 6nly, without absorbing any sensible Quantity of carbonic 
acid. Thus, when magnesian limes are slaked by water, the magnesia 
they contain may remain in whole or in part in the caustic State 
(that of # hydrate), and may change very slowly even when exposed to 
the air. When mixed with a soil containing Vegetable matter, it is 
brought more constantly in contact with carbonic and other aejds, and 
thus more speedily loses its caustic state, but $ie prolonged presence 
of this caustic magnesia is one of the causes of the injurious action 
which magnesia limes exercise upon the land .” — “ Lime in agriculture” 
In the non-caustic state ol carbonate there can be no doubt that 
magnesia promotes vegetation, and might pro ve*especially’ useful to the 
poppy, as being naturally a considerable utiliser of that mineral. 
To poppy lands naturally deficient in magnesia it might be safely 
applied, with or prior to the sowing of the seed, at the # r%te of from 
40 to 60 seers per beegha. * , 

0 (c.) — Nitrate of Magnesia.— This salt consists of 27*6 magnesia and 
72*4 nitric acid. .As being very deliquescent when exposed to the air, 
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and in being Very soluble in water, this salt is likely to prove highly 
useful as a top-dressing to the advancing crops. It is considerably 
richer than any of the other agricultural nitrates^ — potash, soda, and 
lime — in nitric acid, and also.the most highly soluble, so that its special 
qualities are more readily a\uilabie to the plant. • As having a larger 
proportion of nitric acid than any 'of the other salts above noted, and 
assuming that the special fertilising action of salts generally is due more 
to the acid than the has?, it should relatively prove tho. most useful in 

promoting growth With regard to the functions of these nitrites in 

the soil and in the plant, Johnston remarks “that they may supply 
oxygen to the organic and mineral matters of the soil, and thus promote 
their passage to a state cff combination more suited to the plant’s growth. 

. The nitrogen they contain may also enter into new states of combina- 
tion ; and such may be the c,ase likewise with their potash,' soda, lime, 
and magnesia, in the presence of the other mineral and vegetable matters 
wit^h which they come in contact in the soil. Again, their function in 
the plant is probably threefold: first, ‘to supply nitrogen, which we 
know to be so necessary a part of the plant’s substance ; second, to 
supply alkaline and earthy matters ; and thirdly, to act chemically on 
the sap : producing or inducing those chemical changes, on the rapid 
succession of which the more speedy growth of plants depend.” ( Experi- 
mental Agriculture , p . 171.) The above salt should only be used as a 
top-dressing to the growing plant, and probably it will prove the more 
useful if applied shortly before the flower-buds appear ; it may be safely 
applied at the rate of from one to one and a half maunds per beegha. 

6. Iron . — The salts of iron have been applied as a top-dressing in 
small doses with marked advantage to certain crops. From the fact, 
however, that a mere trace of it at most is present in the ash of the 
poppy, it is evidently of little import in that plant’s economy. Indeed, 
I chiefly alltide to it here as accelerating germination an$ appar- 
ently imparting vigor to the young progeny. Curiously enough, how- 
ever, though a trace of it is only found in the vegetative organs of- the 
plant, it was found by Dr. Duncan (when officiating as Principal 
Assistant to the Behar.Opium Agent) in upwards of fifty different samples 
of opium grown in "the experimental gardens here and in' quantities 
varying from two to three per cent. I am strongly of opinion, however, 
that* tnis comparatively high percentage of iron in the drug is not due 
to its existeuce as a normal constituent. I am of opinion /hat it is 
introduced in cleaning the iron trowels on which the drug is collected 
and the .scrapings of the earthenware jars in which it is first prepared. 

I need not dwell on thjs here, however, as it will be fully treated under 
the head of impurities and adulterations of the drug. I will here 
notice only the sulphate, the ammonic-sulphate,. and the carbonate 
of iron, as having tried their effeets on the seeds of poppy. 

(a.) — Sulphate of Iron . — The sulphate of iron has been applied with 
decided advantage as a top-dressing to various green crops/ In one 
instance I applied it to ^‘experimental plot of poppy along with the 
seed at the,ra'ce of 25 seers per beegha, mixed with iO.maunds of lime* 
and 10 maunds of charcoal. The seed* prior to sowing was also steeped 
or 12 hours in a solution of the iron sulphate. The germination,. was 
decidedly retarded and but very sparing, though the seed-beds were 
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irrigated immediately after the seed was sown, .and arucCmple supply of 
moisture thus afforded them. They germinated sparingly and weakly 
20 days later. The presence ojF the iron in the steep and in its applica- 
tion to the soil had evidently an injurious action, as a portion of the 
seeds ( similarly steeped and dried with lime) sown on untreated with 
iron, though again hot germinating Before the *14th day, did then do so, 
freely and vigorously. The action of the lime, however, or the sulphate 
would appear to have been the chief cause of ^the injury,* as seeds in 

• all Aspects similarly treated and sown on soil to which a similar 
quantity (25 seers of iron sulphate in solution), dried up with char- 
coal dust only, was applied germinated freely and vigorously by 

* the 14th day. * * 

(6.) — Ammonic-sulphate of Iron. — A solution of the ammonic-sul- - 
phatc of iron — the ordinary crystallised form being used at the rate of 
20 seers per b^egha, dried up with 10 maunds of charcoal dust — was 
applied to a plot of land immediately prior to the sowing of the Seed* A 
few {lays after the seeds hah been sown the germination was very 
profuse. As compared, however, with those on plots treated with animal 
and vegetable manure only, though they were somewhat more forward 
and vigorous in the early, I might" say initial stage, the fugitive action 
of the salt was soon evident : the plants grew up with slender stems and 
spare foliage, awamting altogether in the vigor of those treated with 
organic manures. — I made a similar experiment with the preci- 
pitated carbonate of iron , and the results were very similar. The 
germination profuse, the seedling plants vigorous, but there was 
a decided falling off as the crop grew up, and the ultimate* returns were 
poor, as compared with those treated withtne organic manures. 

7. Amnionic salts. — Nitrogen in its different states of combina- 

. tion is essential to the healthy development of plants/ and in nature is 

• largely jafforded them, directly or indirectly, by the ammonic com- 
pounds. Johnston, in discussing the functions of the salts of ammonia 
in the plant, remarks that “ they may enter directly into* the roots of 
plants and perform certain functions important to their healthy and 
rapid growth. Thus, they supply nitrogen in a form ^n which it is imme- 
diately available for the production of those hifrogeneous — protein — 
compounds, whioh not only form an important part of the substance 
of the plant, but appear also to preside over those chemical changes 
constantly taking place in its sap, and upon which the health and 
rapidity of growth depend. Among the intelligible chemical uses of 
ammonia in the sap, I may mention that when it enters the\soots in 
the state of carbonate it has the power of decomposing the alkaline 
sulphates and chlorides and converting them into carbonates, and thus 
preparing them to combine with the organio acids formed in the sap, 
with whioh we find them so generally united.” ( Experimental Agricul - ~ 
ture.) Their application ip the poppy is thua* likely to ’ promote the 

* development of the principal constituents of opium. As applied to 
opium husbandry, I have as yet only tried ammoniaoal liquor, the 
sulphate and the jtfuriate of ammonia. These with the phosphate and 
nitrate I may briefly notice heret — 

• la.) — Ammoniacal Liquor.— 1 had an opportunity of trying the effects 

of this on the opium poppy through the kindness of* Dr. Waldie, who 
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was good enou*gk\to send me a quantity from the Calcutta gas works. 
In One of my experimental plots I applied it at the rate of 100 gallons 
(dried up with charcoal dust) per beeghp,. This had a distinct effect 
in promoting the growth of the plant,, but the, opium return was very 
poor indeed. This, however, tvas due to know deteriorating or failing 
influence in the manure, ’ but wHolly^to the inferior drug-producing 
qualities of the variety grown. It might be used, I believe, with 
great advantage as a tqp-dressin# for the young poppy, say shortly 
after the first thinning and weeding. The rate of application *qeed 
not exceed 100 gallons (drunk up by charcoal du§t) per beegha. 

(i b .) — Sulphate of Ammonias — This salt in the state of dry crystals 
t consists of sulphuric acid'oOQ, ammonia 25*8/ and xeater' 13*6 per cent. 
-It* is more extensively used in agriculture than any other of the 
ammonic salts, and as compared with the mineral sulphates, it has 
been observed, in its applications to the cereals, that white affording an 
equfll quantity of grain, it considerably increases the produce of straw. 
As regards the opium poppy, it may also be .used advantageojisly. 
In one case I applied it at the rate of four maunds per beegha, mixed 
with eight- maunds of charcoal dust, as well with the view to diffuse 
the salt more equally in the soil; as also to absorb and store for the 
future wants of the plant its more volatile constituents. The applica- 
tion was made immediately before the seed was sown. In this 
I think I erred, and doubtless if applied as a top-dressing to the young 
crops its powerful fertilising virtues would be more fully utilisSd by 
the plants. I remarked that the germination was free and rapid, and 
later, as compared with £he crops on adjoining plots treated with 
superphosphate of lime £nd guano-phosphate, was of much more 
vigorous and forward growth. The drug* produce was also good, con- 
sidering the high percentage of scanty drug-producing plants, the 
opium at 75° consistence weighing 5 seers 3 chittacks, which ^ equal 
to 10 seers, 6 chittacks per beegha. 

(c.) — Muriate * of Ammonia . — This salt, the sal ammoniac ot the 
shop, consists of muriatic acid 68*2, ammonia 31*8. It slowly deliquesces 
when exposed to moist air. As regards the poppy, this salt acts some- 
what less powerfully than the preceding. Mixed with charcoal dust 
1 applied it at the rate of 2001b. per beegha with the poppy seed. The 
plants were generally vigorous throughout, and very similar in habit to 
those on an adjoining plot, which had been treated with muriate of 
lime, though readily distinguished by the deep, lustreless green of the 
foliage*; those on the latter plot being of a glaucous green, in repeating 
an experiment -with ^his salt on the poppy, I would recommend its 
application as a top-dressing to the young plant. Mixed in about 
equal proportions with charcoal dust, it might be thus applied at the 
rate of 801b. to 100Ib ; per beegha. * 

(d.) — Nitrate of 'Ammonia.— This salt readily deliquesces in*moist 
air; it consists in 100 parts of nitric acid 67*5, ammonia 21*2, and of 
water 11*3. I have had no experience with this salt on* the poppy. The 
following remarks on its general properties and 'functions, however, 
show that it is likely to prove one of the most effective of the ammonio 
salt$ in its application to the poppy also. Thus “ the fact that .both 
the ammonia and the acid with which it is combined in this salt contain 
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nitrogen in a form in which plants are accustomed ’to take up and 
appropriate it, has rendered it probable that, weight for weight, the 
nitrate of ammonia would moye largely promote the growth of plants 
than any other salt of ammonia” » (Experimental Agriculture,) 


CHAPTER Vil. 


MANURING THE SEED AND THE PLANT. 

1 — Seed -steeping . 2 — The beneficial effects of the process. 3 — Experiments with 
poppy seeds . 4 ^— Manuring the plants. 5 — Correlation of the ash cons- 
tituents of the poppy and the alkaloids in its drug. 6 — Special manurial 
# top-dressing for the poppy , 

Manurial seed-steeping is an ancient practice. The Chinese 
appear to have immemorially practised jfche soaking of their cereal 
and other seeds in liquid manure before sowing them. In addition to 
this, they also very generally cover their seeds with a mixture of 
ashes and charred vegetable matter, which greatly invigorates the 
young plants. In the early ,Roman agriculture the selection and 
manurial steeping of seeds were practised. Virgil, for example, recom- 
mends in his Georgies, that seeds intended for mowing should be 
picked out by hand, and that those "of the pulses should be pre- 
viously soaked in saltpetre water . In the Punjab the sal-ammoniac 
prepared Trom the excrements of camels has been of old used, as 
now, in water solution as a steep for seeds previous to their being 
sown. In Persia also seed wheat is steeped in a ley of wood ashes 

before sowing, qs are the seeds of the melon there, and in Cabool 

Mr. E. Solly, in an interesting paper on seed-steeping in the Transactions 
of the Horticultural Society of London, thus Concludes : — “ It is Evident 
that the value of any steep or process of preparing seed will in 
great part depend on the nature of the soil where the seed is sown, and 
the weather Or peculiar qpnditions of the season when it is used, 
ft must always be* remembered that no process of steeping, can possibly 
repla&e the use of manure. If by steeping the seed we are enabled 
to obtain *from the soil a larger crop than we should otherwise have 
had, it is certain that the crop of the* next year will^suffer in pro- 
portion. The only chemical effect of seed-steeping must be to cause 
germination to proceed more rapidly and give increased vigour to the 
young plant, and consequently to require a larger supply of earthy 
matters from the soil.” 
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2. The seeds of -the poppy, as we all know, are very small,, 
though, as compared with the minute embryo, the oily albumen is 
large. This can afford the germ, however, but an initial nourishment, 
and it must thus early drarw" on extraneous stores. It is thus easy to 
see that such minute .seed# must be largely benefited by being 
enveloped or impregnated, so to # spea&, with readily available food- 
stuffs. The manurial seed-steeps and coating of the poppy seeds 
may thus be expected t<jf promote and invigorate the ^germinal plants, 
inasmuch as, though they have a relatively copious* albumen, the .tiny ' 
radical which they exsert can but sparingly -draw on the ordinary 
extraneous supply of the ‘soil. They are thus altogether more precarious 

. in % their primal stages* than those with a gross embryo* and copious * 

• alSumen Again,* besides the anticipated fertilising action of the 

. steeping process, it also in* some cases mitigates or prevents the attack 
of mould. Thus, rust which is common on our cereal and grass crops 
may be greatly mitigated, if not wholly prevented by steeping the 
seed grains immediately before sowing in a solution of the sulphates of 
copper (blue vitriol), of soda, or of lime. These different steeps all 
act by destroying the vegetative powers of the mould spores. The 
late Professor Henslow long ago observed that by simply immersing 
grains of wheat in water, those infected with bunt float, and may thus 
bh readily separated from the sound grains which sink. In the 
process of thrashing wheat however the minute spores of the bunt 
mould attach themselves to perfectly sound grains and cannot* thus 
be separated, so that it has been found necessary to add some alkaline 
ley — lime, potash, or *sodq — to the water, which uniting with the 
oily coating of the spores admits of their being readily separated 
by the simple process of washing. The double purposes then of miti- 
gating or preyentmg blights and invigorating the germinal plant may 
thus be secured by the process of steeping. I will here confine, myself • 
to their influence on the poppy, as illustrative of which I append the 
following ^perim^nts which I made in the gardens here. • 

3. In the first case it may be well to describe the general process 
adopted in carrying qut those experiments. In the first instance 2oz. 
of seeds in each case were taken from a sample retained on a 'sieve with 
900 meshes to the square inch ; i.e ., l-30th of an inch on the side of 
the square. The weighed sample was then immersed in water, decanted 
in a few minutes, so that all the light seeds might \e thus separated 
from the denser. The latter were alone used in the experiments, and, 
with £p*few exceptions half a fluid ounce of the saturated solution 
was used : this being diluted with water, enough was taken to cover the 
2oz. sample of seeds, these in each case being allowed to remain until 
they had wholly soaked up the solution. They were then dried wi$h 
quicklime, gypsum, superphosphate of lime, guano-phosphate or charcoal 

dust, and immediately Sown in moist soil ..For the sake of comjjtrison # 

I had best arrange them under the heads of ammonia salts, carbonates, 
sulphates, nityates, phosphates, and miscellanea. In the first column the 
name of the solution is given, in the second the degree* of concentration, 
in the third the dates of germination, — including under separate 
columns from the 4th to the 12th day ; while the degree of germination * 
is thus indicated— (a) ve^y sparing; (al) moderate or fair; («2) 
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free ; ( a3 ) very free. The last column remarks on fh3 health of the- 
young plant: — , # 


I.— Ammoniac Compound# and Salts . 


1 

a • * 

' 

3 1 

4 

|*6 

7=9 

6 

7 

8 

9 

10 

u 

12 



. 

• 

• 

Concentration 
of steep. 

Degree of germination up to the* 
12th Vlay. 

Remabks. 

1 

Common hartshorn 

Oiluted 1 to 4. 

« 

... 

... 

a 

... 


a2 


... 

Pale 

green. 

2 

Ammoniacal liquor . ... 

Undiluted ... 

... 

a 

• 

... 

eg 


a3 


... 

Dark 

ditto. 

3 

Carbonate of ammonia . 

Sat. sol. 1 Wat. 8 


... 

a 



a* 

... 

... 


Ditto 

ditto. 

4 

M uriatc of. ammonia . . . 

Ditto 

... 

... 


*.. 

a 


a3 



Ditto 

ditto. 

5* 

Sulphate of anlmonia ... 

Ditto 


... 



... 

a 



a3 

Dark 

ditto. 

6 

Phosphate of ammonia.,, 

Ditto # .. 




a 

... 


... 

a3 


d*tto. 

7 

titrate of ammonia 

• Ditto 

... 

a 


... 

a3 

... 

: - 



Ditto 

ditto. 


The seeds in the above experiments, as soon as they had soaked up 
their steep, were mixed (to dry up adherent moisture) with finely-pow- 
dered charcoal and gypsum, and at once sown. Those treated with tie 
ammoniacal liquor and nitrate of ammonia germinated most rapidly, 
though in subsequent vigor they did not exceed the more tardy, e.g ., 
the muriate and sulphate of ammonia. The hartshorn steep appears 
to be unfavourable, as the plants were throughout sickly. 


//. — Sulphuric Acid , and the Sulphates. 


1 

. 2 

3 . 

4 

5 

6 

7 

8 

9 

10 


12 

9 


• 

* 

Concentration 
of steep. 

Degree of germination up to thd 
# 12th day. * 

Remarks. 

1 

Sulphurjp acid 

Diluted 1 to 20... 





. 

• A 

»... 

a 


a 1 

Very pale. 

2 

Sulphate of potash 

Sat. sol. 1 to 8 ... 


... 



a 

... 




Dark -green. 

3 

Ditto of soda 

Ditto 



... 


a 

... 

... 

a 1 

... 

Pale green. 

4 

Ditto of lime 

* • 

Clear solution ... 


... 



• 

... 

a 

... 

a 3 

Ditto. 

6 

Ditto of magnesia ... 

Sat. sol. 1 to 8 ... 


... 



... 

... 

... 

a 

... 

Ditto. 

6 

Ditto of iron 

Ditto ltol2... 


a 


... 

a a 

... 

a 3 

... 


Very healthy 

7 

Ammoniac sulphate of 
iron. 

Ditto ItolO... 


... 


a 

o 

a 8 

... 

... 

... 

Ditto. • 

8 

Sulphate of copper 

Ditto lto20,.. 

s 


... 


... 

... 

... 

a 

... 

a a 

Pale green. 


The sulphate steeped seeds were all cleared of adherent moisture 
with the* superphosphate of lime and at once sown. The germination 
was somewhat irregular, those in iron sulphates being the most rapid 
and certainly the most healthy germs. Ultimately, however, they did 
not perceptibly differ from those of potash, lime, or soda. The acid steep, 
as a|so those of magnesia and copper, had a deoidedlj retarding effect, 
and the young plants had a pale and sickly look for some time. 

e 
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* .III. — Carbonic Acid, and the Carbonates . 


i <• 


1 

2 

3 

4 

5 

t s 

7 

8 

9 

10 

11 

12 

Remarks. 



Coqcentratf m 
of sfeep/ 

<* 

c 

1 — 

Degree of germination up to the 
r 12th day. c 

1 

• 

Carbonic acid 

Water solution 




a 1 


• 

a 3 



Very healthy. 

2 

Carbonate of potash ... 

Sat/' sol. 1, 
Wat. 4. 


... 


a 

... 

a 3 




bitto. 

3 

Carbonate of soda !.. 

Ditto 


... 

... 


... 

a 


a 1 


Pale pre/m. 

4 

Bicarbonate of lime 

Ditto 

... I 

... 

... 

a 1 

... 


a 3 



Healthy. 

6 

Carbonate of magnesia, 
(magnesia water). 

FI. Mag. 1, 
Wlit. 4. 


... 

... 





a x 


Pale green. 

6 

Carbonate of lithia 

Sato sol. 1, 
Wat. 4. 

... 


a 1 

' 

a 3 


**.■ 

... 

•* 

Very healthy. 


The steeped seeds in this instance were dried with guano-phosphate. 
The germination was upon the whole regular, those treated with the 
lithia salt being slightly the earliest. The most backward were those 
treated with soda and magnesia salts, and in the ’early stage of growth, 
the plants were the least vigorous, and in colour a very pale-green. 


IV. — Nitric Acid; and the Nitrates. 


1 

2 

3 

4 

5 

°i 7 

8 

9 J 10 

11 

12 

Remarks • 

1 

2 

si 

“1 

a 

Dilute nitric acid 

Nitrate of potash 

Ditto of soda 

Ditto of lime < ... 

Ditto of magnesia ... 

Concentration 
of steep. 

i 

i Degree of germination up to the 

12th day. 

Sol. 1, Wat. 8 
Sat. sol. 1, 
Wat. 8. 

Ditto 

Ditto 

Ditto 

... 

••• 

al 

al 

a 

a3 

al 

a‘3 

a 


a2 

a3 

a\ 


Pale green. 
Very healthy. 

Healthy. 

Very healthy. 
Pale green. 


The nitrate-treated seeds were dried with a mixture of guano- 
phosphate^nd gypsum previous to their being sown. The germination 
was less regular and upon the whole tardy, as compared with those 
from the carbonate steeps. The potash salt proved the mgst active, 
and the least active was that of magnesia. The young plants also, as 
in the case of those from the acid steeps, were of a pale-green colour 
and altogether less healthy than any of the others. 


V. — Phosphoric Acid, and the Phosphates. 


1 

■* » 

2 

3 

l» 

D 

0 

i 

n 

8 

0 

■ 

B 

■ 




Concentration 
of steep. 

Degree of germination up to the 
12th day. 

t * 



1 

Dilute phosphoric acid... 

m ** 

Sdi. 1, Wat. 8 




..M 


a 


al 


Rather sickly. 

2 

Phosphate of potash ... 

Sat. sol. If 
Wat. 8. 

... 

... 

... 

al 

... 

a3 

... 

... 

... 

Y.ery healthy. 

3 

4 

Ditto of soda 
Dissolved phosphate of 
lime 

Ditto 1 ... 

Sol. 1, Wat. 8 

... 

... 

... 

a 

al 


«3 

aS 

... 

Healthy. 

Very healthy. 

5 

6 

Phosphate of guano ... 

Dissolved superphos- 

Sat. sol. 1, 

. Wat. 8. 


... i 

... 

al 

... 

a3 

l«i 

... 

... 

Ditto. 


phate (bones) 

Sol. 1, Wat. 8 

i *** 

... 

... 

... 

al 

... 

• 

a3 

... 

Ditto' 
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The phosphate steeped seeds were dried with a mixture of lime and 
charcoal powder. The germination was very regular, and the yo # ung 
plants all of a dark- green colour and very healthy, with the exception 
of those treated with the dilute *acid ; those for some time were easily 
distinguished by the pale-green colour of |their foliage. 

• VI. — Miscellaneous Sleeps. •* • 


1 

2 

3 

• 

4 

I 6 

6 

7 

« 

8 

[ 9 

10 

11 

12 





I 




• 





Remarks. 


. • ’ \ 

Concentration 
of steep. 

Degree of germina 
12th dt 

tion up to the 
iy. 

• 

m 

1 

Camphorated water 
, Alcohol and camphor . 

Sat. sol. 

al 


a3 

• 



1 



Very healthy. 

2 

Ditto 

... 


... 





a j 

... 

Sickly pale- 

3 

Common salt ... 

Sat. sol. 1, 





a 



a3 


green. 

He»thy. 

4 

Chloride of calcium # ... 

Wat. 8. . 

Ditto 



a 



a3 




• 

Very healthy. 

5 

SEked lime and soap 

• 











seed 

Ordinary lime 

... 

... 


... 

a 



a3 


"Wealthy. 



water with 
seeds. 











G 

Water 

Common well 

... * 

... 

al 


aS 

... 




Ditto. 



water. 











7 

Dry seed 

Untreated ... 

... 


... 

a 

; 

... 

a3 


... 

Ditto. 


The steeped seeds were all dried with a mixture of charcoal dust 
and guano-phosphate. The camphorated water proved singularly 
active: germination commencing on the fourth day, and very free by the 
sixth, when it had but commenced with, the Earliest of the others 
viz, water and calcium. The spirit of camphor steep on the other 
hand retarded germination and proved altogether unfavourable (no 
doubt from the steep being too concentrated) ; the young, plants were 
pale and sickly, and nearly all died in the cotyledonery stage. The 
water-soaked seeds, as compared with the untreated seeds, germinated 
earlief and much more regularly, though thiey certainly showed no 
subsequent superiority. 

It is jvortk while to briefly summarise the general results of the 
above process. In the first place it is to be observed that the seeds, in 
addition to the liquid used and absorbed, had a further advantage in 
the coating of manurial powders, by which their surface was dried 
prior to« their being sown. By the processes Qf sifting and washing 
also, all the small and light seeds where separated, and those of the 
greatest density only used. This general mode of treating tfie" seeds 
has of course a great advantage over that mor# commonly adopted .of 
simply steeping thiem for a longer or shorter period in a considerable 
quantity of the manurial liquid and draining off the excess, then 
partially drying the seeds either by Simple exposure to . the sun or 
mixing them with dry soil er sand. It is to be Observed, however, that 
the vsdue of one. and all steeps are transient* and will not by any 
means enable the plant to dispense with fertilising applications to the 
soil. At most it* hut gives their germs an initial vigor, which to 
permanently advantage the crop must needs be reciprocated by a fitly 
fertilised soil. It is absurd to suppose that we may thus render 
unnecessary any ‘manurial applications to* the soil, as was broadly 
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• asserted in two* German. pamphlets published some thirty years ago, 
One Entitled an “ Account of the discovery of a method of cultivating the 
soil without manure ,” by Franz Hunrich jBickes ; the other “ The manor - 
ing of seeds , or a simple . and ‘cheap cultivation of the -soil by the artificial 
manuring of the seeds , by ufych'at the same time the 9 rust and other 
diseases of corn crops are prevented ; ‘ practically tried for five years and 
prated on a large scale by C. L. Victor (vide Journal Agri’Hort. 
Society of India , V oh 1 Correspondence and Selections ; p. 552). The 
alchymists of old were wont to dream, to work, and search with a 
life’s devotion, for that virgin earth coveted as tl\e means of preparing 
that mysterious substance, the philosopher’s stone, which as they 
€ fainly believed- changed 'every 1 base metal y to gold, or according to a 
lafer creed, ic cures all diseases, restores youth to the exhausted frame 
of age, and indefinitely prolongs life.” So Messrs. Bickes'and Victor 
sought, ^.and would have us believe, found modes of preparing that 
alcbymical or miraculous seed by means of which, op the most sterile 
of soils, a plant will develop itself spontaneously, grow with a 
luxuriance - hitherto unknown, and yield returns of a hundredfold. 
Sic: es-to perpetual is the exclamation of the agriculturist’s friend. 

To resume, however, our notice of the effects of the above treat- 
ment on the poppy seed. It will be observed from the tables that the 
ainmoniacal liquor, and iron sulphate steeps proved the most active 
stimulants. The camphorated water is singularly active, the germination 
commencing on the fourth day, and copious on the sixth. The young 
plants were ^lso extremely healthy and of a darker colour than the gene- 
rality of those otherwise treated. Seeds steeped in the saturated solution 
of alcohol and camphor germinated, as we have seen, tardily and sparely, 
the plantlets being all of a pale, sickly ‘green colour, and in very few 
cases survived the coly tedonary stage. Less concentrated (twenty grains 
canlphor to one fluid ounce of alcohol) tfye steep promoted germination, 
and the plants were very healthy, as were those also from seeds steeped 
in spirit of* camphor and mixed with charcoal dust to dry up the 
adherent moisture. Besides accelerating germination and invigorating 
the young plant, those camphor steeps appear to be a very effective 
antidote to the mould-blight, which periodically causes so much damage 
to the poppy. During the past season I have at least had indications 
of this in my experiments with camphor steeps, but they are on far too 
small a 6cale to speak with any degree of confidence. Tfye poppy 
crops this season (as indeed I anticipated from its extensive and pecu- 
liarly vegetative development last season, 1874 and 1875), however, have 
been remarkably free from the poppy mould, and the immunity observed 
in *the above experiments may be after all casual. Anyhow, it deserves 

and requires extensive experimental illustration I was much struck on 

first observing this apparent blight immunity of the plants from camphor 
and alcohol steeped seeds, which d priori (considering the composition 
of the two substances) I should have thought more likely to promote 
than prevent the mould disease. In specially treating poppy seeds with 
various acid and alkaline matters, I in no other instance observed them 
to have the slightest effect on the moutd, .the treated* seeds giving rise to 
a pipgeny quite as subject to the infection as those from the untreated. , 
As compared with the wholly untreated seeds, and even those steeped 
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in water only, it will be observed in several instances that the germina- 
tion was accelerated. This was especially the case with the anfrno- 
niacal liquor, nitrate of ammonia, h}id sulphate of iron, and of many 
of the others, while rathsr retarding thairaecelerating germination, they 
nevertheless had a deeidedly invigorating effect on the young plants. 
To takq advantage* of this and to*sustain their pristine vigor, it is 
absolutely necessary,* as I have already asserted, that the soil should 
be properly tilled and manured. These are the real conditional main- 
stays of any high produce. \ 

4. The top-dreeing or application of manures to the growing 
crop is an excellent practice, and may. be expected to be of special 
advantage to those plants ip. which the art of tfie cultivator is directed 
to an increased production of the acid or alkaline ‘qualities of the crop. 
Of that class are nearly all our officinal plants, peculiarly so, those of 
a herbaceous * and annual character, with acid or alkaline Qualities, 
and of the latter, perhaps, there is none more so than the* opium 
poppy, the generator of a substance (sui generis , the most potent of 
narcotics, and valuable of medicines) so entirely dependent on its 
chemical character, its alkaline qualities. 

(a ,) — The manurial top-dressing of the plant is a high farm- 
ing and horticultural practice, and but rarely adopted in the less 
advanced stages of the agricultural art. Even the ancient Roman agii- 
eulturists, though less or more attentive to the manuring of the soil 
and tTie seed, and even the selection of the latter, appear to have but 
rarely applied manurial matters to the plant. Columella says that 
mossy meadows may be improved by a fresh sowing or by manuring, 
but neither of these operations will answer si well as frequent strewing 
over with ash, which destroys the moss. With Cato and Yarro, he 
also observes that the Romans sowed pulverized pigedn’s dung and the 
like over their crops, and mixeji it with the surface soil by means ofrthe 
hoe. The manurial top-dressing of the plant is but little practised by the 
native agriculturists of India, and limited to -a few crops", such as the 
poppy, the tobacco, the onion, and the sugarcane : file substances used 
being oil-cake, ashes, and nonimattee. In a mixed or separate state the 
two latter* are frequently applied to the poppy. They have both a wonder- 
fully invigorating influence on the plant when of a slender habit, 'with 
foliage of a pale yellowish green. The nonimattee is indeed a specially 
active stjmulant^ changing rapidly the pale and sickly hue of the foliage 
to that of a light healthy green, and altogether* increasing the vigor of 
the plant. This is probably due to its so readily affording the plant 
a supply of ammonia, with nitric and sulphuric ^oid. Nonimattee being 
further eminently rich in the nitrates and sulphates of potash, with* a 
varying percentage of limp and soda salts. This might indeed be 
anticipated by consideration of its origin. This, as is well known, is 
due to the action of the atmosphere on the alkaline matters contained 
in the sun-dried bricks or day-walls of the native houses, whereby the 
surface loses its coherence and falls off in a dry powdery form — the maur- 
frass of the Germans, i.e. wall corrosions. It is also to be ‘observed that 
these wall crumbliiigs are further enriohed by the absorption of various 
organic and inorganic matters from the cakes of cowdung regularly dried 
thereon for fuel, and furthermore by the addition of village sweepings 
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■ tinctured less of more with the liquid excrements of man and animals. 
We ‘have thus in the nonimattee. # an excellent fertilising oompound, 
and that, from the high solubility of its more valuable components, 
readily available to the. wants.uf the -plant. Though an active, it is 
however, but a fugitive stimplant, so that on the poorer class of lands 
the poppy requires two, three, "or haore doses aufing its, period 
of ‘growth to sustain its vigor. As compared with pure saline and 
mineral top dressings, the nonimattee, as consisting largely of insoluble 
or slowly soluble matters, must be on each occasion applied in'coni- 
paratively large quantities. Thus the natives apply it at the rate of 
from 20 to 25 maunds per beegha* while with increasing benefit it may be 
.applied to the poppy duHng its season of growth at intervals^ say, of 
three weeks, beginning irom the final thinning of the crop, in doses of 
. from 30 to 50 maunds per beegha. Ashes are also useful applications 
to the gpil, the seed, or the plant. In applying them to the latter, 
however, it is desirable to apply them in quantity in the early stages 
of the plant’s growth, as, though equally efficient in their fertilising 
qualities as - the nonimattee, they are less active, though more perma- 
nent. I may here notice another excellent top-dressing for the poppy 
crops : this is the scrapings of efflorescent salts from lime and 
brick walls, which is to be found more or less abundantly on damp 
sites. Those saline efflorescences consist of sulphates and carbonates 
with alkaline bases, and, as remarked by Liebig the influence of^lime 
in their production is manifested by their appearing first at the place 
where the mqrtar and brick are in contact. Again, the crystalline salts, 
remarks Liebig, which* often effloresce on the walls of stables and 
cowhouses, and in places moistened with the liquid of sewers, are nitrates , 
usually nitrates of tune , a salt which deliqftesces in moist air, and by 
the presence of which the wall becomes continually moist and damp. 
Thdse lime safts form excellent top-dres^ngs for the poppy, and may 
be applied at the rate of about two maunds per beegha. With noni- 
mattee thej[r fcfficienpy is greatly increased, allowing, say, two maunds of 
the former to twenty mauncte of the latter per beegha, care being 
taken that they are well mixed together before application. 

(b .) — It is to he' observed that the main object in view in the 
manurial top-dressing of the opium plant is to supply direot to 
the leaves certain compounds which under atmospheric action may 
be induced to afford in a readily available form, ipaterialg likely 
to promote the secretion and enrich the quality of the drug in 
the plant. Now, it is clear that the leaves in the natural per- 
formance of their functions of absorption and respiration (normally 
imbibing ammonia, carbonic acid, water, and various aqueous solu- 
tions from the atmosphere, and again giving off oxygen, carbonic 
acid, and accprding to. some vegetable physiologists/ nitrogen in small 
quantities), will also absorb and assimilate any readily soluble food-stuffs 4 
applied to their surface. It is thus by increasing the supply, lfct us say, , 
of a few of the more important mineral food-stuffs of the* poppy, that we 
will may greatly exalt its powers of absorbing and ‘assimilating those 
organic matters (carbonic acid, watef, and ammonia) from the air or 
the soil from which opium and its alkaline constituents ate elaborated. 
The capacity, the pliability, pr plasticity of the plant, to be thus artificially 
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enriched is, I think, shown by the variability in .the ash consti- 
tuents of the poppy in different soils, and also of its alkaloids. Thus 
I have before me analyses by Jdr. J^edler of three samples of opium, 
of the ash of the plants* of the soils bn .which .they were grown, and 
of their irrigating waters, in which the percentage difference in morphia 
is 3*91, # narcotine 4 ? 50. It should be stated that the opium was the 
produce of one variety : different varieties varying considerably in their 
relative richness in alkaloids. I should state that when these experi- 
mental analyses Were made I had not then deserved the remarkable 
differences in the drug-producing functions of different individuals — 
capsules of certain plants producing scarcely one grain of drug, while 
others produce from 18 to 30 grains *)— and I had not thus adopted any 
selective system with a view to the elimination of the scanty drug- 
yielding plants and the multiplication of the most copious drug- 
prbducers only. With such individual differences then it ^is easy 
to see that the relative drug produce of the respective pibts ^can 
afford us no criterion, of the comparative fertilities of the soil, as 
being largely, indeed wholly, dependent on the proportion of 
scanty and copious drug-producing plants on each plot. The general 
results of the analyses are, however, of use, in so far as indicating 
with fair accuracy those constituents of the soils and waters most 
essential to the healthy development of the plants, and thereby 
tending to promote the development of alkaloids in the drug. On 
consulting the analyses, then, we find that the ash of the plants yield- 
ing opium richest in morphia contains a higher percentage of potash, 
phosphoric acid, and chlorine— “the latter eminently so — viz. 104 
than that, of either of the other samples of opium. Now, it is note- 
worthy that the waters of D contain less chlorine than those of C and 
B ; the soil of the former contains more ; viz., 0*126 ^>er cent. Again, 
the soil«pf D is the richest, 0*022 per cent., in phosphoric acid, while 
the waters in each present tut traces of it. As regards the potash 
salt, we find that the soil and waters of D contain ^more than those of 
C and B. The analytic results of the Kme salt are somewhat conflic- 
tive. Thus C, with the maximum of 0 0853 in the water and the 
maximum 0*629 in the soil, gives a plant-ash 'richer in lime, by 2*48 
and 3*68 per cent, respectively than that of I) and B. Sulphuric acid 
— an important vegetative agent — would also appear, from the analyses 
under review, to exercise certain special functions in the development 
of alkaloids in the drug. As to the rationale of its action, I have little 
to say. It is of course evident that it can but indirectly promote vege- 
tative development, as not of that class of nitrogenous or azotised pro- 
ducts containing sulphur. It is present, however, in the ash of the haiflm 
and in the seed, and it may, indeed does, produce important chemical 
changes — analytic*and synthetic— with the organic acids, &c., naturally 
formed in the sap, without itself forming a constituent of any part of 
the plant*or of its special products. This appears to have been the case 
in tne three series of analyses under consideration. Thus we find, 
taking the respective results of the plant ash and thd opium, that 
the ash D contaifts only 5*93* per cent, of sulphuric acid, while the 
opium gives 8’66 of morphia ; the ash C, with 7*64 of sulphuric, acid, 
gives 6*47 of morphia in its opium, while? ^that of B yields the low 
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percentage of 4;65, and* the high percentage of 10*08 in the plant’s ash. 
Again, as regards narcotine, B yields 8*56, C 13*06, and D 10*59. Con- 
sidering then the fact that on all tb6 three plots seeds of the same variety 
(and indeed sample) were use,d, and that the spils of each contained but 
mere traces of sulphuric acid, ^hilathe waters used in the plants irrigation 
varied but very slightly — 0*0 i 06 m per faille being tile maximum^ D with 
most In the water having least in the plant, while B, with a maximun in 
the water, has an ash richer than D in sulphuric acid by 4*15 per cent., 
there would thus appear to be certain correlations between the alkaline - 
richness of the drug and the quantity of sulphuric acid present in the 
plant. • * 

5. We may now briefly discuss the apparent functional relations ‘ 
* of the more important saline and acid constituents of the plant’s ash in 

the development of the alkaloids — morphine and narcotine — in the drug. 
Now, in the three samples of opium, B, C, and D, we have seen that 
theje is*a variation of 4*01 percent, in morphine and of 4*50 in narcoline , 
the maximum of each being presented by the sajne samples of opium, 
viz. B. The latter is thus the poorer in total alkaloids by 6*32 per 
cent. This is a very marked discrepancy. It must nevertheless be 
confessed that the relative differences in the constituents of the ash 
of the three samples is not by any means sufficient to afford a satis- 
factory explanation for the scanty development of alkaloids in the 
opium sample B. More satisfactory indications will thus be afforded 
by a comparison of the more important ash constituents of thS two 
samples, C and D, relatively to the proportionate development of the 
alkaloids, morphine and narcotine . Thus we find in the ash D that the 
potash is in excess of the lime by 5*44 per cent., whereas in sample O 
the'difference (still in favour of the potash) is only 2*73, that is, nearly 
half less. Agaiii, sample D is the richer in phosphoric acid, chlorine, 
and carbonic 'acid ; O in sulphuric acid ; by 1*71 per cent. ^Starting 
then from the fact that we have on each plot the same variety of seed, 
similarly treated throughout, grown on very similar soils and irrigated 
by but slightly different waters, we may assume that the salts of lime 
and potash— the sulphates, phosphates and carbonates, and doubtless 
also the nitrates — ar4 Eminently calculated to promote the development 
of the opium alkaloids. Important auxiliary agents will also be doubt- 
less afforded by the soda salts in their analytic and synthetic reactions. 

6. With a view to the satisfactory illustration of the influence of 
manurial top-dressing 6n the amount and quality of the drug, I have 
this season instituted a series of experiments with saline and mineral 
manures, applying theyn to the plant in one series, just as the flower- 
bird began to make its appearance, and another in a more advanced 
stage, viz. when the first flowers were about to expand The results, 

I hope, will be valuable and interesting. ' In the meantime, for those 
disposed to fry experiments on the manurial top-dressing of the poppy, 

I would recommend such applications as the following : — * 

1st. — Oilcakes— castor-oil, poppy, rape or teesee-i-with lime, say 
four maunds' of each per beegha. This might be applied as a first top- 
dressing when the plants have been finally thinned. Cowdung in a 
fresh state, dried up with nonimattee or ashes, and all broken to % fine 
powder, makes an excellent top-dressing also. 
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2nd . — Shorah 40 seers, lime 160 seers, with 20 mauuds nonimattee, 
to be applied (of course after all is Properly mixed) before the flower- • 
buds make their appearance. A 

3 rd. — Khareenoen 40 seers, -lime ‘160 seers, mixed with 20 
maunds nonimattee, and applied as in*No.|2. # 

Wi . — Lime 6 maunds, mixed with 3 mauncls charcoal dust, to be 
applied at an early stage of growth, as in No. 1. •• • 

5 th. — Shorah 4 maimds, with 4 maunds •charcoal dust, all well 
•pulverized and mixed : to be applied in a mo& advanced stage, say 
with the first appearance of the flower-buds. 

6th . — Compion salt 20 §eers, shorah 40 se*ers, mixed with 160 seers 
* of lime : to beVpplied as in No. 5. 


CHAPTER VIII. 


THE OPIUM POPPY : VARIETIES CULTIVATED IN INDIA. 

1 —s Introductory remarks. 2 — Specific characters of the wild plant . — Descriptive 
notices of its cultivated varieties. 4 — Notes <hi the Mcdwa varieties. 

The opium poppy ( Papaver sotnniferum ) is a native of Asia 
Minor, but having been so long and generally cultivated in Europe 
and parts of Asia it is now naturalised, less or more, in many different 
countries. It appears to have been cultivated for its seeds in Europe 
from the most remote ages, and the medicinal .virtues of the juice had 
not altogether escaped the early Greek physicians. It seems probable, 
according to Dr. Koyle, that it first came into pensive use in Egypt. 
When it was first cultivated in India is not known, but it had attained 
considerable importance in 1786, as there is a memorial of the Marquis 
of Cornw allis of that date respecting the best modeoF3envmg” are Venue 
from opium. TTEas now been long extensively cultivated in the upper 
Ganget io plain, in Behar, Bundelkhund^ and M ai wa; and on a small 
scale ip tnelemperateand tropl? if aones oFthe western Himalayas, in 
Assam, and other parts of lndia. It is also, “Encwh, exten- 

sively cultivated in Asia Minor, Egypt, Persia, and though a compara- 
tively late introduction to %e Chinese empire, it is now largely culti- 
vated and annually being extended. • The Chinese, however — experts 
as they are in the agri-horticultural art — have 'altogether failed in 
producing** drug at all comparable, either commercially or officinally, 
with the poorest pf the Indian sorts. Commercially the opium of 
the Behar and Benares Agencies is the best, as being the xflost approved] 
by the Chinese, though, as a purely officinal article, it is inferior to the 
Smysna and Constantinople drug, as also 1 the pure and carefully 
prepared Malwa drug. 
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2. Paphver somniferum , the op ium poppy, is an annual herb from 

* twpjo four feet high, and djfetin^ it s allies bv its 

smooth^ simple^ or divided sSta,, less “ orljffiffS^^ 
with oblong or oyate-ehlong, irregularly, often deeply, lobed 
leaves, with toothed and ^equally serrated margins. The flowers 
large; white or red, rose, purple, oi5 lilac; variegated and edged with 
the same colours, and with very frequently a purply blotch at the ’base 
of each petal % The sepals smooth and cast off by the .unfolding of the 
four crump petals {thtf “ patta 99 or leaves of the assamees, of which th# 
shell or covering of the opium for the China tr^de is composed), these 
have generally a more or less ovate outline, the margins entire, jagged 
or prettily fringed ; the capsule — the “ dherri 99 of the" assamees — 
Smooth, roundish, or oblong, of a dull green or glaucous, and containing 
numerous white, grey, or dark purply coloured seeds. 

I .shall now pass in descriptive review the several Varieties which 
are, found in our Indian poppy fields, beginning with those degenerate 
or wild forms which are so often seen under a neglected husbandry. 

(a. )— P. Somniferum Nigrum. — Stem much divided and bearing 
many flowers (10 to 25) ; the leaves of a dull glaucous green, oblong to 
ovate, irregularly — but rarely deeply — lobed, and toothed from 5 to 10 
inches long by 2\ to 4 inches broad. The flowers red, usually with a dark 
purply blotch at the bottom of each petal ; the latter have entire mar- 
gins, and are from 2| to 3 inches long by 2 to 3 £ inches broad. Capsules 
globose (opening by holes under the broad peltate stigma, or crown for 
the discharge of the seeds), glaucous, and from 1 to 1£ inch long by 
about the same in diameter. The seeds are greyish purple, and com- 
monly known as mawseed , in countries where this variety is cultivated — 
solely for the sake of its seeds, which aremsed for food or for expression 
of the excellent oil they contain. As an oil-yielding plant it is extensively 
cultivated in many parts of Europe. It yields but a small quantity 
of opium, but that of good officinal quality, being rich in alkaloids ; 
the morphme in excess of the narco f ine. . 

(6.)— P. Somniferum , album. — The stem of this variety is less freely 
divided than that of th.e preceding, bearing only from 6 to 12 flowers; 
the leaves do not differ ; the flowers are white with entire petals ; the 
capsules, globose, glaucous, differing in opening not at all, or but 
slightly, by holes under the stigma. The seeds are white to greyish white. 
As regards its opium-yielding properties, it affords drug ol a very 
similar quality to that of the preceding, and somewhat more copiously. 

(c $ — P. Somniferum } abnormale . — This is a degenerate or wild form 
of the cultivated varieties. I am not aware at least of its ever having been 
found in a truly wild state, nor do I find it described in any botanical 
works to which I have access. The st^m is usually much divided, 
bearing numerous solitary flowers ; the leaves oblong to ovate, acutely 
lobed, and irregularly toothed ; from 4£ to 8 inches long, by 2 to 4 in 
breadth, of a dull glaucous green ; the flowers small, stjeakeiwith dull 
red and olive green ; the petals always much crumpled and expanding 
imperfectly from 1 to 2 inches long by £ to 1 inch tm>ad; the capsule 
small, roundish — oblong, 1 to £ inch 16ng by f to 1 * inch in diameter, 
and opening by holes under the crown for the discharge of its seeds, 
which are of a purply grey colour. This variety I find reproduces itself 
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very truly from the seeds of untapped capsules*, but frpm the tapped, 
Le. the drug extracted capsules — to have a considerable admixture, 
of white and red or purply coloured flowers, not distinguishable 
from varieties 1 and 2 aJ>ove. the capsules open, however, by holes 
under the crown, and the seeds of tine red flowers are of a purply 
black colour ; those 4 of the white, greyish- white or brown. The 
size of the capsule is also increased, and it is altogether a more copious 
drug producer. .The third generation — selecting seeds only from the 
•improved red and White flowered varieties — is a Jpotley set j the flowers 
passing from white to red by various shades of rose, lilac, and purple, 
and self-coloured, blotched, variegated, or bordered with the latter oolours 
* on a white grcaind, quite equalling for variety nnd gaudiness the well 
known double-flowered Marseilles varieties, cultivated in our flower®"’* 
gardens. They have also much more of the habit of the common culti- 
vated sorts, — i*e. the opium-producing, — the capsules roundish or oblong, 
and of a green or glaucous colour, and affording from three to five dru<r- 
yielding incisions,— a considerable improvement relatively to their wild- 
ing parent. They present another noteworthy peculiarity — a considerable 
percentage of them, ere they have matured the seeds, acquire a purply- 
black stem, exactly similar to the cultivated variety, the kalodanthi of the 
assamees. In the season of 1873-74 I effected a few crosses between 
the above abnormal •form and the locally cultivated sorts. Three ef 
these only I will notice here : — 

\d.) — P. S. abnormale crossed with the kutila variety. The mongrel 
character was scarcely observable in the first progeny of this cross — 
that of 1874-75, — the leaves differing from the female parent 
only in being of a somewhat thicker texture and of a paler glaucous 
green, and in this respect only tending to the male form: the flower in 
every case was similar to those of the former. This Season, 1875-76, 
however, the mongrel character of the progeny is distinctly shown. 
The general habit of the plant is indeed more robust than that of either 
parent, and a considerable percentage have those thick-textured, 
pinnately- partite and glaucous leaves of the male -the kutila rar, — 
parent. The remainder graduating from their much divided state to that 
of the nearly entire foliage of the female parent. The flowers are of 
various shades of colour — white, rose, lilac, and red ; those with the kuti/a 
foliage being all of the two latter colours — large and showy. The 
difference in tjie appearance or unfolding of the flower of the mongrel 
progeny is interesting. Thus, the first flower opened on the 23rd of 
December (seeds having been sown on the 21st of October), and by 
the end of the month there were many flowers open. The first collec- 
tion of opium was made on the 18th of January, that is, 89 days from 
the sowing of the seed. A considerable number, indeed I may safely 
say the majority bf them, (lid not open their first flowers until from 
the 15th — 20th of February, and the collection of opium on this 
plot wastx>ntii$ued until the 19th March. I should also state the late 
flowering race were of much more vigorous habit than the early flowers. 
The majority of them also had the hdila or kutiloid foliage ; they were 
also considerably the more oopiotts drug producers. 

#(«.)— P. S. abnormale crossed with the red-flowered (leela) variety 
from Malwa; effected also in the opium season 1873-74. In the 
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first progeny ^1874-75) the mongrel origin was evident in the foliage 
. and habit, which partook muoh of /he Malwa plant ; the flowers also, 
though smaller than those of the /atter, were similarly coloured, and 
many of them had fringed petals ; capsules ovate^oblong, opening, but 
slightly, by holes under the crown, and affording from three to four 
drug-yielding incisions. ‘ A^ very small number* of them, I may add, 
{absented the small, crumpled, and dirty-coloured flowers of the wilding 
parent. This season (1,875-76) the habit of the plant is much the same, 
but there w^iild appeay to be a prepotent influence of the female parent/ 
and we have accordingly a majority of the ^progeny with wilding 
flowers. They also, unlike the preceding mongrels, flower about the 
same time. From three to five drug-yielding incisions ^cofnprise their 
^grades of produce, which is upon the whole somewhat more copious 
than that of last season’s progeny. 

' (c.) — P. Somniferum, var. Gungajulee crossed with P. 3. abnormal c. — 

The female parent in this instance is a Malwa variety, locally known under 
the f above. The first progeny, that of 1874-75, of 'this cross showed 
clearly their mongrel origin: nearly all had acquired a more robust 
habit than their female parent ; the stem more branchy, with foliage 
of a thicker and firmer texture and darker colour — in these respects 
tending to the male parent ; the flowers in size and shades of colour 
were those of the female parent ; the capsules rather, small, of a roundish 
oblong shape, and opening by holes under the stigma — a characteristic 
of the male parent. They afforded from three to five (but by no means 
copious) drug-yielding incisions. This season (1875-76) they exceed all 

. the other crosses or varieties which I have here for their rank luxuriance, 
many of them having attamed.a height of from 5 to 5J feet, with large, 
oblong, irregularly lobed and toothed leases from 11 to 25 inches long 
by 5 to 7 in breadth ; the texture firm, and the colour a dull glaucous 
green. Like* the mongrel (a.) — P. S. abnormale — kutila — the progeny 
attain the flowering stage at very different periods; the earlier and 
dwarf er sorts in from 98. to 100 days, the more robust taking from 100 
to 125 days. It Is curious also to observe that though a considerable 
majority of the plants have the large, gaudy-coloured and fringed 
flowers of the female parent, many have assumed the small, 'crumpled, 
and dingy-coloured flowers of their male parent. A few of the latter, 
while presenting the small, crumpled, imperfeotly expanding flowers, 
have them of the peculiar strawy-green and whitish-yellow, f one or 
other of which by selection and crossing, perhaps with the white- 
flo werec^ varieties, will in all probability give rise to a purely yellow- 
flowered race. The fir^t collection of opium was made on the 18th of 
January from the early flowering varieties ; whereas of the later a com- 
mencement had but been made on the 20th of February — a full month 
later! * £ * 

8. “ Kulodanthi, *’ or Black- stalked floppy. — This. is a compact 
branchy plant of a somewhat dwarfer habit than any of ( our other looal 
varieties. It is readily distinguished from these by the stem and flower 
stalks acquiring a purply-black colour shortly after the fall of the flower, 
and before the maturation of the capsule. The latter are rather small, 
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copious a drug-producer — on the lands here at # least— the teyleah 
variety. It ; would also appear to produce a drug less rich in alkaloids, 
than some of the others, as in a sample analysed for me by Dr. Durrant 
the total alkaloids at 70° consistence) was . only. 6*38, of which 2*98, 
however, was morphine.. § 

(a.) — Sabza-kalodanthi . — This variety 4igree$ with the preceding in 
habit, growth, and colouring of the stalks, but is readily distinguished by 
its dull-green capsules, wholly void of the glaucous coating of the 
other..* I first observed a single plant of it in a^plot of flje preceding 
in the* experimental gardens here in the season of 1873-74. I saved the 
seed, and raised from it the following season 'a considerable progeny, 

' every one pf which came true ; and I have now (1875-76) from that 
single plant, fully a quarter of a beegha covered with its healthy^ 
progeny. It will, I believe, prove a more copious drug-producer than 
the 'old halodanthi. 

(b.) — Sufaid-dhcrri . — The white capsule poppy is the most common of 
all the varieties, and is chiefly distinguished by its roundish, oblong, and 
glaucous, or powdery — i.e. covered with a fine bloom or white powdery 
substance — capsules. Mixed with it, less or more, however, we find varieties 
with rather small sized, round or oblate, and powdery capsules, which as 
a rule are very scanty drug producers. So also another sort with 
roundish oblong capsules of a dull olive-green colour, and but slightly, 
if at all, powdery. The rind of this variety gets dry, hard, and almost 
woody before the capsule is full grown, and rarely affords more than 
one drug incision. In selecting seed, therefore, it is well to avoid 
either of those, and especially the latter. % The true wlnte-capsuled 
variety, as indicated above, is as a drug .producer, with the exception of 
the teyleah var ., one of our best. The capsules are from 2 to 2| inches 
long by If to 2 in diameter, and afford a fairly copious discharge of 
drug to from five to nine or more incisions with the ordiifaiy 4-bladed 
nashtar or lancet. The drug is also of excellent quality, and in the 
sample analysed for me by Dr. Durrant contained, in Nearly equal 
proportions, a total of 7*04 per cent, in morphine and narcotine. 

(c .) — “ Monaria ” — A local variety so-called, # and sent to me in 
the season of 1873-74 by the Sub-Deputy Opium Agent of Patna. 

It is distinguished by its large, round or spherical, i.e. vertically 
depressed, capsules (from 2 to inches by 2J to 2£ in diameter), 
covered jwith a §ne white powdery matter. The better capsules afford 
a fairly oopious discharge of drug to from five to nine incisions ; but 
crops from the ordinary unselected seeds cjf the district cover*. a very 
large percentage of such as are wholly exhausf^d of their drug by 
the third or fourth incision. It would appear, according to the analysis 
of the sample sent by me to Dr. Durrant, to be less than any of 
our other varieties* suitable for officinal use, as deficient in alkaloid 
matters, the total narcotine . and morphine beingj only 6*19 per cent. 

Of this, howevejr, 2*88 consist of the latter. 

(df.) — “ Darhi , or Muedardanthi”—Th\s> Is a Well-marked new variety, 
with bristly flower-stalks, which I first observed in one of the poppy plots 
here in the season 1873-74. (A Spanish variety of the opium poppy 
which I had this season from the Board of Revenue, and directly 
imported from that country, presents the same peculiarities in the 
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flower-stalks, tut is vejy distinct in habit and foliage.) There was but 
• a single plant of it. I collected the^eed, and in the following season raised 
from it a similarly characterised progeny. The plant is of a robust, some- 
what branchy habit, and readily 'distinguished.by its strongly zetigerous 
floieer-sta/k. The capsules are large, glauoous, and very similar in size 
and shape to the preceding variety. It has hitherto proved a less 
copious drug producer than that variety, but this will no doubt be 
remedied by the selection of seed from the best producing capsules. The 
drug, however, is of excellent quality, being richer in total alkaloids *by 
1-03 per cent, (thus in morphine «3*48, narootinp 5*03) than any of our 
other cultivated sorts : Another important quality is its comparative 
immunity from the mould infection. During the season of 1874-75,' 
■*~When the mould was, so mischievously prevalent on all the other 
common varieties in the gardens here, it was but very slightly affected. 
Indeed* for weeks after the sorts on the adjoining plots hid been overrun 
an<J destroyed by the mould, this variety resisted it very effectively, 
retaining to the last its normal functions for .the Secretion of «drug. 
This season (1875-76), which proved so very unfavourable to the 
germination and health of the early-sown plant, thinned considerably 
my plot of this variety, but fortunately a sufficiency of plants escaped to 
afford me a few seers of seed. The plant retains its robust habit, 
xtigerous flower-stalks, with the large spherical capsules. 

(e.) — Gmagun-posta , or Sufaid-patta . — This variety is distinguished 
by the variegation of its leaves, stalks, and capsules, all of which are 
more or less streaked and blotched with white. I first observed a 
few specimens of it in the poppy plots here in 1873 and 1874. Like 
the preceding, it is also out little liable to the poppy murrain. In 
my annual reports for 1873 and 1874, to the Board of Revenue, I sug- 
gested what appeared to me to be the cause for this comparative 
immunity of the variegated plant. Subsequent observations*' confirm * 
that view, which will be explained in treating of the diseases and 
injuries of the poppy. . In the meantime I may state that last season 
(1874-75), when all the generally cultivated varieties, with the 
exception of the ku^ila, were seriously affected with the po^py mould, 
this variety was scarcely at all injured by it, the extension of the 
mould-spawn in the leaf being wholly confined to the green streaks and 
blotches ; in no instance did I observe it cause any injury to the white 
parts. Unfortunately there is at present one objection to thp multi- 
plication and extension of this variety, and that is, its scanty drug- 
producing quality. Thus the capsules, though of large size, about 
2£ inches in both diameters, as being round and vertically compressed, 
rarely afford more than three or four drug-yielding incisions. This 
will no doubt be obviated, however, by continued selection of seed from 
the most copious drug-producing capsules. The 6pium has also ail 
the physical* qualitiefe gi a good commercial* article and yields 6*57 per 
cent of alkaloids. ^ • * 

(/.) — Teyleah , or Sabza-dherrL — This is perhaps the most copious 
drug-producing variety of the opium poppy. Unfortunately it is 
far less generally cultivated than somfe of the other varieties, especially 
the mfaid-dkerri : No. 6 of this list. In habit it is very similar 
to the latter variety, but the capsules are ovate-oblong (from 2 to 
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2 1 inches long by 1J to 2 inches broad) and of a dul^-green colour, 
destitute of the fine white powdery matter of the above. It appears, , 
however, to produce a drug less rich in alkaloids than that of some 
of the other varieties, as the sample .analysed for me by Dr. Durant 
contained only £>’57 per* cent., of which 3*16 was morphia. It has 
all the physical characters, however, of a first-class commercial article, 
and its comparative paucity in alkaloids does not at all lessen its valjue 
in the China market. t t 

• ' (0.) — “ Kutila? 1 or “ kat-patta”~ This is a vefy distindjvariety, and 
readily distinguished by its foliage bging deeply cut into less or more 
narrow segments. The plant is of robust habit, the main stem giving 
• off upward^ * a \f ew simple branches ; the leaws thick-textured, of a 
glaucous or pale sea-green colour, oblong-ovate, from 5 to 9 inches long-” 
by 4 to 5 inches broad, and bipinnately cut. into narrow and bluntish 
segments ; the capsules 2 to 2| inches long by 1^ to 2 inches broad, oblong 
or ovate-oblong, and covered with a fine white powdery matted * This 
variety is decidedly* worthy of sf more extended cultivation. As I firill 
subsequently show, it is less liable to be seriously infected with the 
poppy-mould than any of the other varieties commonly cultivated. 
Again, the thick and comparatively firm texture of the leaves, divided 
as they are (nearly to the mid-rib and primary veins) into narrow 
segments, enables it tg withstand hailstorms of force sufficient to wholly 
mince the broad and but slightly divided foliage of the other varieties. 

It is a* fairly copious drug producer, and in the sample analysed for 
me by Dr. Durant the total alkaloids was 7*21 per cent, of which 
3*56, or nearly half, was morphia. # 

(i h .) — “ Sabza-kutila”— This is a very. rareVariety as yet, but, like the 
other green-capsuled sorts, promises to be a copious drug producer. It is 
only distinguished from the preoeding variety by its capsules, which are 
► of a dulhgreen colour, entirely void of the fine powdery matter which 
covers the capsules of that vafiety. I first observed a single slender 
specimen of this variety in one of my plots .of kutila inr the season 

1873- 74. I sowed the seed, but unfortunately rfbne germinated. 
Again, in the following season I found another .plant which has this 
season aff (fried me a few more. I have also* unexpectedly got an 
addition to these from a mongrel progeny raised first in the season 

1874- 75. The cross was with kutila as the female and the sufaid - 
d/ierri, or common glaucous capsuled poppy, as male. The effects of 
the cross were ’clear on the first season’s progeny ; as with many of 
the Awti/a-foliaged variety, there was also a considerable percentage 
with the leaves of the male parent — the remainder intermediate. This 
season’s progeny presents a very small percentage of the male variety, 
nearly all having the kutila foliage, and considerably the major part of 

' the remainder differing chiefly from it, in having more entire leaves. 
Curiously enough, this season I observed that nof a few of the kutila 
' foliaged plants had capsules of a dull-green colohr, quite destitute of 
powdery matter. This is also the case, and more generally, with the 
more entire foliaged forms. I was surprised to observe this, as in the 
previous season, without an exception, every plant bore glaucous capsules. 

(j.) — « Dwra-katila ” — This is another very distinct variety, of more 
robust habit than the kutila : plants rather branchy ; leaves oblong-ovate, 
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from 6 to 12 inches long by 5 to 7 broad, rather deeply cut from about 
. the middle upwards into from 4 to* 6 broad, coarsely toothed, blunt, and 
wavy-margined lobes ; texture thick and firm ; the colour a pale sea- 
green ; the capsules roundi$h ; about two inches, in both diameters, covered 
with a fine white powdery matter. It affords, as a rule, a fairly copious 
discharge of drug to from fhe to eight incisions. I have, however, as 
«y$t only a very few plants of this variety. 

(j.) — phaura or “ Tisra-kutila ” — A robust but sparingly branched 
variety, with oblong, irregularly lobed leaves of a dull sea-green colour, 
from 12 to 20 inches long by 4 to <7 broad ; the lobes acute or tapering ; 
the margins coarsely toothed and wavy. Tke capsules are of an 
oblong shape, from 2 to*2§ inches long by 1*| to 2\ in diameter, glaucous, 
«&nd fairly copious drug producers. The opium, as judged by the 
sample analysed for me byJDr. Durant, is somewhat richer in alkaloids 
than the true kulila , yielding in equal proportions 7*42 per cent, of 
morphia and narcotine. 

( k .) — “ Sabza Chaura-kutila” — This is a variety of the preceding, 
similar in habit, division of the leaves, texture, and colour, but readily 
distinguished from it by its capsules, which are of a dull-green colour 
and quite void of the white powdery matter which covers those of the 
other. It promises, judging from the few plants I have yet raised, to 
be even a more copious drug producer than that variety. The progeny 
I have at present are those of a single plant which I observed in one 
of my experimental plots last season, 1874-75. 

(/.) — “ Teyleah-kutifa , ka nash” — This, as indicated by the name, 
is a mongrel, between teyleah as female and kutila as male. I may here 
state that the cross between the above varieties was made with a view 
to raise a race of green-capsuled kutila. The first progeny, that 
of 1874-75, however, though varying much in the foliage, pre- 
senting every grade, from the nearly entire leaves of the teyleah var. y 
to the deep and narrowly segmented leaves of the kutila y with 
its denser texture and t peculiar colour, had all, the glaucous capsules 
of the male patent. This ° season, 1875-76, the progeny nearly 
all present the kutila , characters, i.e. the less or more narrowly divided 
foliage, thick and firm* texture, and pale sea-green colour, With oblong 
and glaucous capsules, while a very few have partially reverted to the 
teyleah, though readily distinguished from it by their oblong capsules. 
The kutila or male element has thus maintained a prepotent influence. 
Curiously enough, aS above remarked {vide paragraph 12) a cross 
between the kutila and sufaid-dherri has this season given rise to a few 
true kutila plants wit^ dull green, non-glaucous capsules, though last 
season (1874-75) every plant bore glaucous capsules. It is inter- 
esting, as I have elsewhere remarked, to observe this strongly inheritive 
tendency in such a trifling character as the‘ bloom of the capsule, while as 
regards the* texture*, c polour, outline, and division of the leaves, every 
intermediate grade is presented by the progeny. As a drug producer, 
this mongrel promises ‘to be no way (in quantity or quality) inferior 
to its female' parent. . « 

(m.) — Monaria-teykah, ka nash.-*- This is a mongrel of monaria as 
female and teyleah as mate parent. This mongrel variety has the 
robust habit of the female parent, as also the large spherical capsules ; 
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but these are uniformly of a clear deep-green colour, and show no trace 
pf the fine powdery coating of the male plants. It is a fairly copious- 
drug producer, my small plot yielding at the rate of 8s. 9f c. per beegha. 

(n.) — Monaria-kaladflnthi , k'a nash\ 'This mongrel inclines more to 
the somewhat spare habit of its male parent — kaladanthi — than its 
seed-bearer this season, 1875-76, *much more markedly than last. The 
stalks also, as in the case of the former variety, acquire after flowering 
the peculiar bluish-black colour of that variety ; the capsules some- 
•what. larger, but similar in shape, and glaucous.* The yield of opium 
was at the rate of 8s. 3j0 \c. per beegha. 

4. I will briefly notice here four • of the Mai wa varieties which 
were introduced to this district in the 6eaSon 1871-72, but all 
were clearly unsuited to the climate and soil. They grew up spare ancT 
sickly, and Mr. Abercrombie remarks in his report to the Board that 
they 44 did not* in any instance produce more than a seer of opium per 
beegha, and generally only a few chittaoks, while local seed on adjacent 
lands. produced in some.cases from eight to ten seers/’ The cultivation 
of the Malwa varieties by the assamees was at once discontinued, and 
the seed they had collected purchased from them, to prevent them 
making use of it for the next season’s sowings. A small portion was been 
tried by some of the sub-divisional officers in their gardens to ascertain 
whether the acclimatized seed will be increasingly productive. In the 
following season (1872-73) there was but a very slight increase in 
the of>ium produce, and I rather think the sub-divisional officers very 
generally discontinued their cultivation. I, that season paving been 
specially deputed by Government to the o^him districts (to ascertain 
the nature of the poppy blights, and suggest, if possible, mitigative or 
remedial measures for them, as also to have regard to the modes of 
improving the general husbandry of the plant), had likewise seeds of the 
different, Malwa sorts for trial in the gardens which I* had opened 
at Bankipore. The plants, * however, grew up again poor and 
siokly, and gave a very small quantity of dru£. In, 1873-74 
I repeated the experiment on the Deegah land. The plants generally 
acquired a somewhat more robust habit, but they * again proved miser- 
ably poo f drug-producers, the maximum produce being about 4J 
seers per beegha. It is to be observed, however, that even this is a con- 
siderable increase on the first season’s results. Again in 1874-75 I gave 
them a third season’s trial. They all suffered, however, so seriously with 
the common poppy mould, that they gave considerably less opium than 
they had done the previous season. This blight injury, however, they 
suffered from in common with nearly all the local varieties. I will now 
describe the Malwa varieties from the specimens grown in the gardens 
last season : having now been grown in this distriot for five succes- 
sive seasons, a period sufficient, as one * might naturally anticipate, for 
the perfect acclimatization o£ an annual herb in a distriot, where others of 
its own kin are so extensively and successfully cultivated. 

(a.) — Lukria.— This variety has increased mtich in vigor of habit, and 
is, so to speak, more hardy, i.e. better suited to the climate? &c., than it 
has hitherto proved. 0 It has an erect, slightly branched stem from 4 to 5 
feet high; the leaves oblong-ovate,. from 12 to 16 inches long by 5 to 
8 inches broad, the margins sinuous, irregularly lobed, coarsely and 
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bluntly toothed; the texture thin, papery; the colour a pale sea-green.; 
the* flowers, large, white, usually with rose, lilac, or pink margins, and 
deeply fringed; the capsules oblong,.. from 2 to 2J inches long by 
If to 2 broad, and of a dull glafcseous green, e It has now considerably 
improved in its drug-yielding Qualities, having this* season yielded 
6s. 9/?. per beegha of excellem drug. f 

* *• The rains being unusually light last season, not a few of all the sorts 
sprung up i^i p the plots from seed which had been left €>n the soil in the 
harvesting of that' season’s crop. This was the case with the lukrias 
The plot was sown up this season with a variety,- of black-seeded poppy 
from Turkey. Not a single seed, however, germinated of it on this plot, 
^nor on two other plots 6n whioh it was sown. The few 1 * young plants 
~fhat did spring up on the first plot ultimately proved to be of the lukria 
variety, cultivated thereon la'fet season. The plants are remarkably vigor- 
ous inhabit, more resembling the more robust of the local sorts than ’the 
hitherto spare forms of the Malwa kinds. They rise up f with stout, branchy 
stems to a height of from 4 to 5 feet; the leaves large, oblong,* with 
slightly loBed, irregularly toothed, and wavy margins, the lower leaves 
being from 16 to 21 inches long by 8 to 9 inohes broad, of a thick, but 
soft texture, and of a dull sea-green colour. A very few have colored 
flowers ; the others large, white, and deeply fringed. The capsules 
lhrge, from 2^ to inches long by 2 to 2| “in diameter. They 
have also proved a much more copious drug-producing race than 
any of the other Malwa kinds sown in the usual way. Thus from 
the 125 plants on the plot I collected 1 of opium, so that allowing 
14,520-12 inches apart, equal to the beegha (a low rather than a high 
estimate), we have a return of *about 9s. 1 c. of opium per beegha. We 
thus see that the process of acclimatization has been greatly accelerated 
by a purely natural selective agency, the more vigorous germs, or 
thbse best adapted to the conditions of ^limate, soil, &c., surviving; the 
weaker we may assume to have been destroyed. This, as I think, well 
illustrates *t he mu<jh disputed phenomena of acclimatization. In the Malwa 
and local poppies we have dearly varieties endowed with different 
constitutions best ad&pting them to their respective localities, while by 
a few years’ cultivation we find this variety acquiring increased vigor 
of habit, yielding more drug, and ultimately equalling the local sort. 

( b .) — Leela , a Malwa variety. The seed of this sort was much 
mixed with that of the preceding in the sample originally received 
by me from the Agent. It presented, however, a considerable per- 
centage? of two well-marked sorts which I have this season separated 
from the others. They are of vigorous but somewhat dwarf habit, 
3| to 4 feet high, rather branchy, the leaves ovately oblong, 9 to 12 
inches long by 5 to 7 broad, the margins but slightly lobed and 
coarsely toothed; th$ texture rather thick and firm; the colour a dull 
sea-green ; the flowfcr? large, white, with entire margins ; the oapsules 
roundish-oblong (2| to 3 inches long by 2| to* 2| broad) and 
glaucous in the one variety — leela ; in the other— sabza leela-- rather 
globose, ab<$iit 2| inches in both diameters, of a dull-green colour, and 
void of the white powdery matter coating the rind of the other. This 
season (1875-76) they have yielded an average of 5& of opium 
per beegha. 
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(c.)— Gungajulee, a Malwa variety. This .sort is very like lukria 
in habit and growth. The leaves oblong to ovate-oblong, from 10 16 10 
inches long by 5 to 8 broad, of q. pale-green colour, the margins less or 
more lobed and coarsely toothed ; flowers * large, white, with or without 
rosy or pink margins,- and deeply fringed ; the capsules large, .oblong, 
3 to 3| inches long by 2£ to 3 *broad, less or more furrowed 
longitudinally, and cbvered with a fine white powdery matter. The 
drug-produce this season averages 8s. 12 \c. seers per beegjty. 

— XJggarya , a Malwa variety. This is the least robust of all 
the Malwa kinds above described. Tjjhe stems slender, and nearly 
simple, from. '3 to 4 feet* high ; the leaves, oblong, from 9 to 12 
inches long by 5 to 7 broad, of a pale-green colour; the margins 
sinuous and toothed ; the flowers smaller than those of the other 
varieties ; the*base of the cup stained with dull purple, the margins 
carmine-red or lilac, and generally deeply fringed ; the ’capsules 
obloyg or ovate-oMong, from 2 to 2 J inches long by If to 2f in 
diameter, glaucous, and containing seeds of a pale purply-grey 
colour, very similar to tfc maw seed. The drug-produce of this variety 
averaged only 3s. 14| c. seers per beegha. 

It has been a matter of surprise to many that the Malwa varieties 
should have proved so ill-suited to the climate or soil of the opium 
tracts in Behar and Benares. I have already remarked that four of the 
most* productive of the Malwa poppies have now been cultivated for 
five successive seasons here, and it must be confessed they have not 
yet attained their normal standard of productiveness in Malwa, 
though now exceeding the average produce of the local varieties 
in the Behar Agency for the^past ten seasons, the highest average 
being that of 1863-64, which was 6s. | c . per beegha. The local 
poppy of Behar succeeded much better in Malwa, the Minimum pro- 
duce of the directly imported seed, according to the Superintendent 
of Rutlam, being 3s. 5c. per beegha, the maximum* ,5|s., thus 
affording an average of 3s. 7c. per • beegha . This, I may remark, 
exceeds the average produce of the- local poppy t in four of the twelve 
divisions* of the Behar Agency in 1870-71, By* 6c. per beegah, and 
indeed is only 5c. under the general average. A consideration of the 
climatic conditions of the two provinces affords, as I think, an expla- 
nation of the indifferent success of the Malwa plant in Behar. Malwa 
has a very uniformly mild and humid temperature, the cold season 
being extremely agreeable, and many of the products*, of the 

K rden in temperate latitudes, which are destroyed by the heat of the 
wer Provinces, succeed well on the table-land. The soil is extremely 
fertile, very generally consisting of a black vegetable loam, pro- 
ducing fine crops *of cotton* indigo, opium, tobacco, wheat, &c. The 
cold season in Malwa, it. is to be observed, differs much* from that of 
Behar. «It is never subject to the dry westerfy winds so prevalent 
in the latter, nor is there those extremes Between the day and night 
temperature. These with the atmospheric aridity are, as* I think, the 
mn.jp cause of the* indifferent eunoess of, the Malwa poppy in Behar. 
Theufoliage of the plant 4 of a much thinner and delicate texture than 
that of the local poppy, and it is thus exceedingly susceptible, in the 
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early stages of its growth especially, to the cooling of the soil by 
*th6 rapid and inoessant evaporation of moisture. As illustrating this-, 
I may observe that some of the most,, healthy of my Malwa plants 
have always been those sheltered less or more r from the westerly winds. 
I have observed also tliat .under 'a soft and moist easterly wind they 
quickly acquire a more healniy ‘appearance. Again, if slightly over- 
shadowed by a tree, they are also greatly more vigbrous, than when fully 
exposed : tfyia can be only due to decreased radiation and its consequent 
chilling effeots, and some little perhaps to the plants being slightly 
screened from the diroct rays of the sun. The chilling effects, however, 
of radiation is as I believe the main cause of the hitherto indifferent 
success of the Malwa c plant here, and only when it' has acquired 
a thicker and firmer textured foliage (as it now evidently has) will 
it afford a remunerative crop. # 1 

’ c 


CHAPTER IX. 


PERIOD AND MODES OF SOWING THE POPPY. 

1 Time of sowing. 2 — Sowing. 3 — The practice on naturallyi rriguous lands. 

< 4 — The drill system : its advantages. 

As regards the time *of sowing the seed, much of course depends * 
on the early or late cessation of the south-west or rainy monsoon. 
This, as a rule/ occurs between the middle and end of September, 
though it is bccasionally prolonged into October, thus greatly retarding 
the necessary tillage and pulverisation of the soil for the reception of the 
poppy seed- ‘ Other things being favourable, with a humid atmosphere 
and a night temperature, not«exceeding, say 65° sowing may be com- 
menced by the end of the first week of October ; earlier than this, under 
any circumstances, is not to be recommended. Humidity and temper- 
ature may indeed occasionally favour earlier sowings, but there is 
always the risk of increased heat, accompanied with hot winds (ere the 
cold weather finally sets in), which will scorch and dry up the seed- 
lings as they appear. 4 As a general rule, therefore, tlie first sowings 
should be made from about the middle to the end of October. These 
will begin to yield dijug by the middle of January, i.e. in from about 
9ft to 95 days. A succession sowing may extend from the end of 
October to the middle of November. This will begin yielding drug 
from the second to the last week in February, that is to say, in from 85 
to 90 days. ' Later eSwn crops (than the middle of November) can in 
the most favourable season be expected to yield but a small quantity 
of drug, "and, should the Tiot winds set in early, they may be so 
scorched as to yield no drug, and even little seed. Every endeavour 
should thus be made to have sowings finished by the "middle of Novem- 
ber, or at latest the last week. This season, from the scarcity of 
water, I was unable to complete the first watering of my latest seed 
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plots until the 25th of November, and as the soil was naturally too dry 
to excite germination, the seed might as well not have been sown until 
then. The crop is consequently late, having begun to yield drug in the 
first week of March • and continued until the last week of the month. 
Again, last season (1874-75) mv late crops, those sown towards 
the end of November, were cut oft with b/ight ere I had made more 
than one collection of drug. In the season 1873-74 I find from my 
notes that those ©own in the first week of December gav^ a produce 
df only one and two 'seers of opium per beegha. One plot .sown on the 
12th of December yielded at the rate^of about half a seer per beegha . 

2. In sowing a plot of, poppy, which, assuming, it has been fre- 
quently ploughed and well pulverised with the “hingah” (i.e. the native 
substitute for the roller or clod-crusher), the first step is to divide the 
land by* a cross series of ridges into compartments varying from six to 
nine or even more feet in diameter, if the land is quite level,.. The 
alternate ridges arq always made somewhat broader than the others, 3 to 
form the water channels for the irrigation of the plant. Prior, however, j 
to this bedding of the land, and after it has been finally ploughed, a very | 
common and excellent practice is to give the land a thin sprinkling * 
of seed, say two seers to the beegha. The soil is then levelled with 
the “ hingah,” and the bedding of the land, as above, commenced. 

A second sowing is "then made at the rate of from one to two seers per 
beegha, or, if no seed has been applied prior to the bedding of the land, 
an application of from three to four seers is at once made. If the soil, 
as is generally the case, is not sufficiently moist to excite germination and 
sustain the germs, the land is irrigated immediately after the sowing of 
the seed, and the surface, as soon as it is sufficiently dry for working, 
is again lightly opened by the kodalee and well pulverised and 
levelled. If the atmosphere is humid, germination will be free by the 
sixth or seventh day ; if dry, it may not occur until the tenth or twelvth 
day. I have indeed seen it not unfrequently occur only after the second 
watering, and when the seeds had been in the ground for upwards of three 
weeks. When the seeds, however, owing to excessive atmosphere aridity, 
do not geminate in due course, after the first watering it is a good plan 
to thinly re-sow the land prior to the second watering, after which again 
lightly break up the surface smoothing and levelling as formerly. The 
opening of the surface soil with the kodalee after the irrigation of the 
seed, as also its pulverisation and levelling are important operations, as 
facilitating a uniform gemination. In dry weather, if this is not 
attended to, the soil soddens, a hard crust forming its surface, and the 
young germs unable to break through it* appear only along the lines of 
cracks or rents. 

3. In the preparation for the sowing of the irriguous or naturally 
moist lands there is h considerable economy of labour, all that is neoes- 
sary being the pulverisation ©f the soil with the plhugh and hingah. 
Immediately pridr to seed time the soil is lightly run ' over with the 
plough, tiie seed ia then sown at the rate* of from three to four seers 
per beegha, and thesoil is at once levelled and smooth#! with the 
hingah. The early sown plant on'those lands (as in the ordinary mode 
of bedding and flat surface cultivation on the irrigated lands), frequently 
suffers muoh from being fully exposed to the rays of the sun and 
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hot westerly winds. .This might be greatly obviated (a regular and 
uniform germination excited, and the growth of the plant fostered in its 
early and delicate stages), by adopting a system of drill culture : this 
would incur but little. additional* Iabeur. Thus the soil having in the first 
instanoe been thoroughly pulverised, sown, and levelled with the hingah, 
as above described, it is ofcly *necelsary to sprinkle again over the 
•smooth surface, say, one or one and a half seer of Seed, when the surface 
may be lightly broken up by drills at distances of from six to nine 
inches. Now, the simplest and most efficient mode of doing this.* is by 
the drill-rake. This is constructed of a hard piope, like that of a common 
rake, only double the size, and set with broad, flat wooden teeth, taper- 
ing towards .the points and at such a distance apart as the drills are to* 
be drawn. If the land is drilled or ridged over with this implement 
the advantage will soon be apparent (and this especially if the drills 
run ii^an east and west direction), by the cool and sheltered' (the 
northern) sides of the ridges becoming ^covered with young plants, while 
the sunny and exposed side brings* forth spareely a single -plant. 
I would strongly recommend the adoption of this system in the unirri- 
gated districts. 

4. The officers of this department are familiar with the fact that 
when the earlier sown plants utterly fail on the plain surface of the 
•compartments in the ordinary bedding system, a regularly and healthy 
line of plants 'very generally spring up along the cool northern flank 
of the ridges, where they have humidity and shelter. It has been 
thus a matter of surprise to me that the assamees should persistently 
overlook this and continue the old practice of plane surfaoe cultivation, 
instead of drilling or ridging their lands and giving the poppy the 
advantage of a cool ridge side, as they know well to do in the culture 
of the potato. *1 have successfully adopted the system in the experi- 
mental gardens here. The plants thus grown (I should say the plots 1 
thus prepared) bore incomparably the best and most uniform crop of 
any in the* gardens under me, which, I may say, comprise upwards of 
fifty beeghas. In my reports* to the Board I have frequently pointed 
out the advantages, of this method, but as yet, with the exception of 
some small plots in *the Ranches division, I have nowhere seen it 
practised by the natives. This is to be regretted. The mode in which 
I would propose to have the lands drilled is either by the drill-rake 
as above described, but of course of larger size, and with the # teeth set 
at a distance of ten inches from each other. In this case, however,, as 
each furrow must form a lateral water channel, I have found it best to 
draw up the land in ridges with a well worn, small sized kodalee. 
This is easily done, and really incurs little extra labour on the old 
mode of compartment bedding. Thus, I in the first instance, have the # 
land prepared in the usual way .with plough and hingah. The seed is* 
sown on a lightly "ploughed surfaoe, levelled and smoothed with the 
hingah. I again sprinkle the surface with seed at the 1 rate of from one ' 
to two seers per beegha, after which I have a line set and parallel ridges 
drawn up inth the kodalee at distances of from nine to ten inches, and 
running in an easterly direction. At right angles lo these I run alter- 
nately the main water-channels and a blank dividing ridge at 
distances of from ten to twelve feet. The seed beii ridges are united 
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to. the blank dividing ridge, but open on the watey-channel side, so that 
by a small opening the water is given off for the irrigation of the ridges 
in the usual compartmental way. Indeed, uniform irrigation is greatly 
facilitated by forming compartments *of* the ridges; this is readily 
done by uniting *a ridge with the water- channel at regular distances, 
say from eight to ten feet. I wdulctf strongly recommend the 
practice of this system* for all the earlier sown plant, and that espe-- 
daily in hot and «rid seasons, though even under the most favourable 
dimatjc conditions it best promotes a uniform germination and the 
health and vigour of th^ plant. Under this system the young plants are 
never flooded (gs in the ordinary plane surface mode), the water run- 
ning only along«the furrows of the ridges, the flanks are kept sufficiently 
moist by filtration and absorptive powers of the soil, so that the surface 
is always open and freely permeable by the air, never soddened and 
crusted, as it always becomes by the other mode, after irrigation. . The 
advantages are sufficiently apparent, and indeed forced upon us by nature. 

I have been often struct, with the barren surface of the compartment 
plots in the native mode, the alternate barren and plant-bearing side of 
the dividing ridges, but I was more so on looking this season at my own 
uniformly ridged plots, to observe 'that while the north side of each 
long ridge was studded with healthy young plants, you could scarcely 
find a single plant *on the south (the dry and sunny) side of the* 
ridges^ though the seed had been equally distributed over all. It was 
indeed very striking to see this repeated in every ridge from one side 
of the plot to the other. 


CHAPTER X. 


THE GERMINATION OF THE SEED AND MANAGEMENT OF THE 

YOUNG CROP. 

1 — Time in germination. 2— Size of poppy seed : the relative value of small and 
large . 3 —Thinning and weeding . 4 — Aerating surface soil ; its advantages . 

Under favourable conditions of heat and "humidity the seed of 
the poppy will germinate, as we have seen, in from five to seveq days. 
Under a deficiency of the. latter it may remain long inactive : with an 
excess it will rot ; and yet again, as we have seen, certain varieties baked, 
as it were, in the soil during the hot season, and bedded in plastic mud 
' throughout the rains, will nevertheless Resist both and germinate readily 
so soon as their. wants are m^t by climatal and soil conditions. Mois- 
ture is indispensable. I have seen instances in the gardens here of 
poppy-seed, sown about the latter end of October, lying from 20 to 25 
days in the soil before it germinated, and then do so freely* This, was 
simply due teethe soil, in the first instance, being insufficiently moist to 
perfect germination ; and it was only after it had been again irrigated 
and lightly stirred up that the gems appeared. Darkness or shade 
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also accelerates germination in this, as with all seeds, and we have an 
. illustration of the conjoint influence of the latter and a slightly increased 
humidity of the soil in the drilled # seed-bed, where germination is 
limited to the cool side of. the .ridged “ The agents in germination,” 

remarks LeMaout and Decaisne,c“ are water, air, heat, and darkness 

Water softens the integuine* ts, penetrates the tissues of the seed, and 
•is, decomposed; its hydrogen is absorbed; its oxygen, like that of the 
air, combines with the parbon of the seed to form carbonic acid, which 
is set free. Heat is indispensable to germination, and in the series ‘ of 
phenomena which accompany this^ process it acts alternately as cause 
and effect, for a seed is the theatre of chemical combinations. Light 
retards germination by causing the decomposition of carbonic acid, and 
hence preventing the formation of the gas. Under a combination of 
favourable circumstances the seed absorbs water, together with the 
oxygen of the air. The albumen, under the chemical action of these 
agents/ loses a portion of its carbon, and at the same time combines 
with the elements of water ; it soon 4 changes int6 saccharine, milky, 
soluble matter, fit to be absorbed by the embryo. If the albumen 
has been absorbed previous to germination, the cotyledons enlarge 
and nourish the plumule. When the latter has emerged from 
the ground and become green the phenomena are reversed; the 
young plant, instead of absorbing oxygen to combine with its carbon, 
and disengaging carbonic acid, absorbs carbonic acid, separates the 
carbon, and assimilates it.” ( “ System of Botany .” English Translation 
by the late Mrs . J. D . Hooker.) 

2. The poppy is of the smaller sized seed class of our agricul- 

tural herbs. Thus, in sizing the seeds with fine sieves, I find that a 
very small percentage are retained on those with meshes l-24th of an 
inch on the side^of the square, those of the l-30th of an inch retaining 
m£>st ; though a few even pass, but their germinal and vegetative 
qualities are low, and they give rise to a ‘spare and sickly progeny. — The 
number of seeds produced by a healthy plant is very large. Thus 
I find on an average the ripe and air-dried seeds weigh 5 grains per 1,009. 
Now, as there is on an average from 75 to 80 grains of seeds in the 100 
capsules, they will thus yield from 15,000 to 16,000 seeds each, so that 
the individual plants may be estimated to yield from 80,000 to 90,000 
seeds. The local drug-yielding varieties in this country would thus 
appear to be very much more prolific than are the European sorts, 
as I observe that in ‘Professor Balfour’s “ Class-book of Botany ” the 
capsule^s said to contain only 2,130 seeds. In either case, however, 
there is a large provision for the propagation of the species, as is 
generally the caso in c all minute seed-bearing plants, to compensate 
for the great loss sustained in the early stage of the progeny. It is 
thus, that unlike the seeds of oqr cereals, 'which contain an abundant £ 
store of nutriment <for the independent development of the germ, the 
poppy, as it complete# germination, must at once draw nourishment ' 
from the soil; hence the ‘necessity for the extra tillage of the latter 
for the poppy* < 

3. The thinning of the young poppy crops is of prime importance ; \ 
unlike the tobacco plant, they cannot bear transplanting, and tneir seeds 
being also very small, it is necessary to sow them thickly, to ensure 
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a full and uniform crop. Thinning is thus imperative,, and should be 
commenced at an early stage of the plant’s growth, so that all overcrowd- 
ing may be obviated, and each free from its neighbour. This must of 
course be done gradually,, and as the plant increas.es in size and vigour. 
The first thinning — for this must be*a successional operation, and not 
done all at once— however should be mndefas soon as the young plants 
can be easily handled; they may then be separated to distances .of 
from one to two yiches. Should there have been partial failing in the 
germination, of course it must be attended to, and seed again sown on 
such parts immediately after the first watering, which* is usually 
required by the time the young plants make their appearance. In the 
• thinning opferation the seed may be lightly wrought into, the soil with 
the nuranee or weeder, and the surface smoothed and levelled. This 
supplemental sowing should have the earliest attention, as if the first 
sown plants, ate much advanoed, the latter will be shaded and. over- 
grown, grow up weak and sickly, flower prematurely, and produce little 
drug. Air and light are of prime importance to the young poppy. 
The period for the second thinning is indicated by the approach or 
commingling of foliage. At this stage the plants, having acquired con- 
siderable vigour, should be regularly thinned ; the weaker plants being 
taken, and the stronger only left, at distances of four inches or so. 
The final thinning should be set about before there is any overcrowd* 
ing of foliage. Now, as the local and Malwa varieties of poppy are 
all of Upright growth, they should not be over-thinned, but only suffi- 
ciently to allow each plant to develop itself properly. In everp instance, 
of course, the distance to which they must bp finally separated will 
depend on the quality of soil ; thus, in a poor sandy soil a third thinning 
will scarcely be required ; then? simple or branchless stems and spare 
foliage will have ample developing room if the plants nre left at from 
four to five inches apart. In a rich loam or any well-conditioned soil, 
on the other hand, where the plants attain a height of from 3| to 
4 1 feet, with less or more branchy stems and oopious foliagfc, it will be 
necessary to thin them out to distances -of from seven to nine and ten 
inches apart. 

(a.)— Simultaneously with the successional thinning of the young 
crop, weeding must be also carefully attended to, — this particularly so if 
the rainfall has been light during the monsoon. The common agri- 
cultural weeds of the cold season then spring up with profusion with 
the youifg crops, and if not immediately attended to (in the case of 
the poppy) and early eradicated, they will quickly overgrojv and 
destroy the delicate young poppy. They shoulc^ thus be cut down 
with the nuranee while in their cotyledonary Btate, i.e. before thp 
appearance of their first normal leaves. ...... I have remarked above on 

the weeds abounding — in our fields after a light rainy season. As 
illustrating this, I may repord the results of observations on a few 
of the plots in the gardens here during the past cdld season, which from 
beginning to end has been unusually dry, and preoeded by a very 
light rainy monsoon. In the first instance the abounding weed was 
Chenopodium album* w. viridis — the bkuttoa of the natives, by whom 
it is generally used as a potherb. This plant, on a few plots of soil in 
proximity to the river, but on high imdweU-drained land, took exclusive 
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possession of them, and though it was early cut down and weeded 
out, it re-appeared as quickly again from previously dormant Beeds and 
caused much injury to the young poppy, with which it simultaneously 
germinated. Curiously enough, ip '‘three o r four plots adjoining 
the above scarcely" a plant could be "seen, but in these its 
place was fully occupied Ipy another variety of the same plant, 
C, album var. purpureum — the cumarh bhuttoa of .the natives and not 
used as a potherb. Of the bhuttoa I counted in a square foot of soil 
180 plants, and on an equal surface 200 plants of the bhuttoa chumar * 
and as there are 27,225 square feet in a beegha, we have them in? the 
one case abounding to the extent of 5,445,000, and in the other 
4,900,500 per beegha. In each case I may state that there was more < 
than a beegha of land thus uniformly and densely studded * with those 
plants Where the seed had come from I cannot say ; ap for. the two 
previous years that I have cultivated those lands I observed compara- 
tively few plants of either. Especially troublesome also this season 
has been the Polygonum he rniareoides*— the doodkya of the natives 
of Behar. * It had exclusively invaded a strip of land of about 14 
feet in .breadth on the north, and of course shady side of the 
enclosing jail wall. Of this plant* I counted 168 in a square foot 
of soil, which is equal to 4,573,800 per beegha. This plant, like 
Jhe preceding, was by no means conspicuous for its abundance in 
previous seasons. 

4. The regular and frequent aeration or stirring up -of the 
surface soil is an operation of prime importance in the culture of the 
poppy on irrigated lands, nor must it be neglected in its husbandry 
on the naturally irriguous lands. That the surface soil of the irrigated 
lands should require more frequent loosening is of course due to the 
tendency of the soil to form a hard and compact crust, as it again gives 
off by evaporation the irrigative waters. Now, in leaving the surface 
in this dry and caked condition, it increases much its heat-conducting 
powers, and consequently the soils lose in moisture by evaporation. 
Paradoxical though it may appear to some of my readers, it is never- 
theless true that soils with a loose and porous surface, lose moisture 
much less rapidly ‘by evaporation than those that have & hard and 
compact crust. The healthy growth of the plant is also checked by the 
compression of the roots in the hardened and contracted soil ; while its 
natural heat is prejudicially decreased by rapid evaporation from the 
leaf surfaces : it gradually acquires a dry woody character, presents a 
sickly ^worn-out appearance, runs up prematurely to flower, with impaired 
drug-yielding functions, and expends itself in the maturation of the 
$eed. On the <other' ’ hand, as Sir H. Davy observes, <f by ohanging, 
loosening, or stirring of the surface, fresh soil is exposed to the action 
of the weather ; thus by changing the position of all the parts neW 
facilities for chemipai changes are produced, and by loosening the whole 
mass of the soil air and rain are more readily admitted. Again,, by loosen- 
ing the soil, the air is admitted among its particles, and confined there ; 
and hence it becomes a non-conductor of heat, and is much lest aifected 
by atmospherio changes of heat and cold than H it formed a firm 
compact mass.” Soil under the latter conditions is relatively cooler 
than the atmosphere during the day and warmer at night. Vegetative 
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growth is promoted and a decided improvement i&soon visible, the plant 
acquiring a grosser habit, the leaves larger and of a healthier or deeper 
green, and the flowering stage is.Jhus attained with unimpaired vigour, 
and consequently the drug-secretive functions and the reproductive 
processes are thus promoted by a cppiouk store pf organised and nutrient 
fluids. I have dwelt particularly on this point, as I observe that the 
assamees in general ao not trouble themselves with more than merely* 
cutting down the weeds, rarely, if ever, working with a special view to the 
a’Sr^tion of the soil : this indeed they, as a rule, regard as “'labour lost.” 
This is a great mistake* The soil after each irrigation is less or more 
# laid or compressed, and quickly giving off 'its moisture by evapo- 
ration, its surfaced converted into a hard and coftipact crust, prejudicial, 
as we have remarked, to healthy growth, and .this especially in the 
case of * the # poppy, one of the most deli&ite and tiny of agricultural 
plants, in its earlier stages of development. I would thus Wrongly 
recommend the practice of stirring or breaking up and well pulverising 
the surface soil after each application of water, i.e. as soon as it is 
sufficiently dry for working. While at all sticky or adhesive’ it should 
not be touched, as it will but tend to consolidate the under-soil, while 
the broken surface will stick together again, and really more ill than 
good will result ftim the operation. These alternate operations — 
watering and aerating of soil — should be continued until the foliage of 
the plants have fairly covered the surface of the soil, and so checked any 
further rapid loss of moisture: the latter operation may then be 
discontinued. 


CHAPTER XI. 


IRRIGATION, AND THE RELATIVE FERTILISING PROPERTIES OF WATERS. 

1 — Irrigation . Average temperature of the soil, the water, and the air during the 
poppy season 1873 ana 1874 2 — Waters differ in fertilising virtue . 3 —Hard 

water . 4 —Soft water. 5 — Canal and river wafer. 6 — The relative tern- 
* perature of a dry and a waterlogged soil. 7 — Tank and stagnant waters . 

We have in a previous chapter shown *that a very small 
proportion of the land under poppy cultivation sustains naturally 
s uffi cient moisture for the growth or maturation of the plant ; artificial 
irrigation being thus necessSrily very, generally practised, either from 
wells, tanks, rivers, or canals. The former as a rule afford the best 
irrigative* waters, and this irrespective of ^ their chemical properties— 
Le. their superior, richness in saline or' mineral "matters-^that to 
which I allude being the relatively higher temperature* of well as 
compared with tank or canal watef during the poppy season. This is 
an important quality in an irrigative water. If applied at a lower 
temperature than that of the soil in whifeh the plant grows, it. so 
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reduces the temperature and chills the roots, as to temporarily suspend 
less or more the growth of the plant. This, as might be expected, is 

severely felt by the poppy in its early stages of growth As showing 

the relative differences of the 'temperature in the well, river, and tank 
waters used in the irrigation ‘of the experimental poppy crops here 
(Deegah), I append in a tabular form the averages for the months of 
•October, November, December, January, and February. For the sake of 
comparison, I also add , the average temperature of the soil and of the 
atmosphere,, 'the maximum in the sun and in the shade, and the mini- 
mum temperature for the five months beginning October 1873 and 
ending February 1874. 


* u 

r 

1873. 


187#. 


October. 

November. 

December. 

* 

January. 

February. 

1 

Maximum in the sun 

9930 

115 32 

99-29 

88 39 

9360 


2 

Ditto ' in the shade ... 

87-60 

79*89 

7949 

73-87 

74-80 


3 

Minimum 

63*45 

5G-88 

45-88 

4213 

4485 


4 

Temp. -of soil at 1 foot 

72-10 

71-08 

6454 

59-86 

63 48 

6 A.M. 

5 

Ditto ditto at 2 feet 

74-50 

76*20 

68*12 

6349 

6535 

6 A.M. 

6 

Ditto ditto at 1 foot 

74-10 

73-32 

65 60 

60 81 

66 50 

2 P.M. 

7 

Ditto ditto at 2 feet ... 

7510 

77 '09 

67 97 

63 69 

67-78 

2 P.M. 

8 

Well water 

76'40 

77-00 

77-86 

• 75-86 

74*93 


9 

Tank ditto 

68 20 

63-50 

54-50 

46 15 

Dried up. 


10 

River ditto 

72-S0 

7000 

6512 

60*10 

6707 

, 


2. “It seldom happens,” remarks Professor Johnston, “ that per- 
fectly pure water is employed for the purposes of irrigation Even 

where the water employed is r clear, and apparently undisturbed by mud, 
it almost always contains ammonia, nitric acid, and other organic and 
saline matters grateful to the plant in its search for food, and which 
plants always contrive to extract more or less copiously, as the water 
passes over their leaves or along tlieir roots. The purest spring 
waters and inountain streams are never entirely free from impregnation 
of mineral, vegetable, and animal matters. Every fresh access of water 
therefore affords the plant in reality another liquid manuring.” {Agri- 
cultural Chemistry , p. 325.) To those variations in the irrigative waters 
may no doubt be ascribed the relatively increased fertility of the poppy 
on regularly irrigated, as compared with that on non-irrigated lands ; 
inasmuch as they are alike sparingly treated with other mammal 
substances. The different fertilising virtues of waters are well known 
to the native husbandman, as also their applicability to particular crops. 
The kara or “ hard ” water, as they call it after our own fashion, is 
rightly considered, well suited for the irrigation of the poppy, tobacco, 
potatoes, and onions. The metha-pani {sweet or soft water a$ 
we call it) is of no fertilising value in tlieir estimation, but the better 
suited for household purposes. The native husbandmen thus, in 
their own way, familiarly distinguish as we do the “hard,” > from the 
“ soft ” water, with reference to their reactions with.soap. 

3. A hard ” as compared with a “ soft ” water ‘requiring a larger 
expenditure of soap to produce a lather. This, it may be explained, is 
due to the action of the lime and magnesia salts ; whioh decomposing the 
soap, form with its fatty constituent an insoluble sticky mass (the 
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stearates of lime and magnesia), which adheres to the hands or to clothes. 
“ The comparative hardness of any number of waters,” remarks Johnston,. 
“ may be ascertained by dissolving Castile soap in spirit of wine, and 
pouring a little of the solution into the* several *, waters. That which 
forms the most ourd when shaken, or is the most milky, contains the 
most lime.” {Lime in Agriculture, p . 16,)j Again, as is well known, by 
boiling or evaporating such waters the carbonic acid is driven off and 
insoluble carbonate of lime — i.e. common chalk — deposited as a hard 
roust or loose powder. A similar result, though of course less marked, 
takes place in the use Qf such waters for irrigation. In this case we find 
on the surface 9 f the soil and the sides of the water channels a dry 
white powdery matter or incrustation left by the evaporation of the 
water. This will chiefly consist of lime and magnesia, with a certain 
admixture of soda salts ; the potash, even though present in the water, 
will be completely withdrawn and taken up by the soil, so thaj. unless 
the latter is saturated with that alkali it is not likely to appear in # the 
superficial efflorescence. Thosh hard waters, whether in wells, rivers, 
or tanks, are unquestionably better than the soft for the irrigation of 
the poppy, though the well-water, as being of a higher temperature 
than the others, should, for reasons already assigned, have the preference 
when available. • 

4. The softest tenters are those which contain neither solid 
nor gaseous matters in solution. Of this we have an example in 
distilled water , which is alike void of taste or smell, colourless and 
transparent, readily wets the fingers, and has quite a soft feel . Rain- 
water, as it falls at a distance from cities or laige manufacturing towns, 
is as a rule the purest of all natural waters. Though then free, or 
nearly so, from all solid matters, however, it is always less or more 
impregnated with gaseous matters, as nitric acid, carbonic acid, and 
ammonia. It thus greatly promotes vegetation, not only ^is conveying 
alike to leaves and roots tlfose important food-stuffs, but also in 
hulnidifying the atmosphere, and thus counteracting the chilling effects 
of evaporation consequent on the irrigation of our crops in dry and hot 
weather. It is more, as I think, in the temporarily equalised humidity 
of the atmosphere , the soil , and the plant , than any absolutely superior 
virtue in the rain, as compared with the water used in the artificial 
irrigation of our crops. “The fertilising effect of rain,” remarks 
Liebig, “ is on a superficial examination still more wonderful than that 
qf manure. Its influence on the produce of a fi^ld is observable during 
weeks and months after it Has fallen ; and yet rain conveys to plants 
only very small quantities of carbonic acid and ^unmonia. The plant 
receives by the medium of water at the time of its first development 
( the alkalies, the alkaline earths, and phosphates necessary to its 
organization. If these elements, whiph are necessary previous to its 
assimilation of atmospheric nourishment be absent, itt growth is 

retarded* \ . If a soil be deficient in th&e mineral constituents 

required by our cultivated plants they will not flourish, even with an 
abundant supply # of water. On the other hand, if the latter be 
wanting, a soil, though rich in nutritive matters, will be quite barren for 
most plants. It is by means of moisture that plants receive the neces- 
sary alkalies and salts from the soil. In dry seasons a phenomenon is 
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observed which, when % the importance of the mineral elements to the life 
.of *a plant was unknown, could not be explained. Thus the leaves of 
plants first developed and perfected, an,d therefore nearer the surface of 
the soil, shrivel up and become 'yellow* lose their vitality, and fall off 
while the plant is in an active state of growth, without any visible 
cause. This phenomenon is (aot^een m moist years, and but rarely in 
plants which have deep-reaching roots, being more especially presented 
by the more shallow rooting class of annual herbs. As 'familiar 
examples of plants ‘which thus suffer from deficient moisture we have 
the poppy, tie tobacco, and many of our culinary vegetables. Now the 
cause of this decay is obvious. . The perfectly developed leaves absorb 
continually carbonic acid and ammonia from the atmosphere, which * 
are converted into the dements of new leaves, buds, and shoots ; but 
this change cannot be effected without the aid of the alkalies and other 
mineral matters. If the soil is moist the latter are continually and 
adequately supplied, and the plant retains a healthy green colour, but 
if mis supply ceases from a want of moisture fo dissolve the mineral 
elements, a separation takes place in the plant itself. The mineral 
constituents of the juice are withdrawn from the leaves already formed 
and are used for the formation of the young shoots, and as soon as the 
seeds are developed the vitality of the leaves completely ceases. Those 
withered leaves contain only minute traces of soluble salts, while the 
buds and shoots are very rich in them .” — ( Letters on Chemistry ,)^ The 
softest waters, then, as we have, seen, are the least effective for irrigative 
purposes, and if the soil is wanting in the elements of fertility their 
application *will be but .poorly reciprocated by the crop. On the other 
hand, with a soil rich in the mineral or organic food-stuffs of plants, 
and requiring only a natural solvent to render them available, even 
a chemically pure water may under such conditions promote vegetation as 
eminently afe a 6 hard ’ water, rich in earthy and alkaline salts. It is 
thus easy to see, how much more largely particular crops may be 
benefited tjufta others, by. an equally distributed rainfall, from differences 
in the relative richness of the soil in the elements of fertility. Rain has 
a special and direct fertilising influence, as conveying carbonic acid and 
ammonia to the plant, but its most important mission is its reactions on 
the soil constituents. Johnston thus concisely enumerates the mission 
of rain to the soil and the plant : — “ Is/.— It causes the air to be removed. 
2nd . — It warms the undersoil. 3rd . — It equalises the temperature of the 
soil during the season* of growth. 4th . — It carries down soluble sub- 
stances jto the roots of plants. 5th .— It washes noxious matters from 
the undersoil” (this qi course is a mission it can but imperfectly 
perform in the generality of our poppy-fields, from defective natural 
drainage and the non-adoption of any artificial system). “ 6th. — It. 
brings down fertilising substances frofu the air .” — (Agricultural 
Chemistry anti Geology, p. 171 et seg.J • 

5. Canal waters* with a regular flow, when they have oxce fairly 
washed their bed, are with river waters, as a rule, softer than those from 
wells or springs, and as a consequence more free from earthy or alkaline 
salts. Many indeed of the feeders *of our rivers # have waters rich 
in gaseous and mineral matters, but they are gradually robbed of 
these, partly by the absorption and deposition of mudiy matters held in 
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suspension, as also by the agitation and very general increase of 
temperature, in their flow through long tracts oL country, they give off 
gaseous matters, common air, carbonic acid, &c., and thus deposit much 

of the lime and other matters, held in solution It has indeed 

been strongly insisted that the canal waters in ther Upper Provinces are 
the main and direct source of that sajine efflorescence known as reh, 
and which is now so prevalent in the vicinity of many of the canal lines. 
This I can hardly help thinking is a mistaken notion, as any of the canal* 
waters of which vfe have analysis really contain Such a small percentage 
oi shjine matters that it could only be expected after a very long series 
of years— and even then only on hncultivated, I should say desert, 
. land — to accumulate in such .quantities a*s to prejudicially affect vegeta- 
tion. This is pointed out by Dr. Anderson of Glasgow in his 
remarks accompanying an analysis of a sample of reh from the Western 
Jumna Canal which had been sent to him by the Secretary, Public 
Works Department, to the Government of the Punjab. Dr. Anderson 
says that 44 if reh be derived from the water, it must be by evaporation, 
and 1,000 gallons would only deposit lib of it in the soil, even 
taking the whole solid contents to be reh , which is not the case, 
for it would appear that only about half of the seven grains consists 
of alkaline salts. I do not know what quantity of water is used 
for irrigation in India, but I apprehend it cannot be sufficient to 
account for the reh. * If we suppose the soil to be covered with watef 
a foot deep, and the whole of it to be evaporated, it would deposit on an 
acre of land about 1281b, or little more than 1 cwt. of alkaline salts, 
and reckoning the soil at ten inches deep, it would weigh per acre more 
than 1,000 tons. The alkaline salts thus added to the soil would 
amount to the 1 -20,000th of its weight, a ‘quantity which would not be 
perceptible.” Professor Medlicott (to whom I am indebted for a copy of 
, the correspondence 44 on the Deterioration of Land by thq presence of 
Keh,” published by the Government of India) is on the other hand 
strongly of opinion that the canal water is the chief source of reh. 
He regards these salts as the resultant of the gradual concentration of 
the river and canal waters (which contain them in minute quantities) 
with whiah the lands are irrigated, or less or more saturated for a con- 
siderable portion of the year, and almost solely dependent for relief on 
evaporation.. ... Now, no doubt, the canal waters, when impreg- 
nated ‘with sulphates and chlorides, will contribute their quota of these 
as they -evaporate from the soil, but it seems to pae highly improbable 
that (containing as they do, as far as known, such minute quantities of 
those saline matters) they could from this souroe alone accumulate so 
rapidly and to such a prejudicial extent. Furthermore, if the water 
is really the main and only source of the reh, we might naturally expect 
•it to extend in unbroken tracts along the canal ranges, i.e. in all the 
lower lands. It does not do ‘this, but on the other hand ig always less 
or more local, indicating, as it were, a merely splfent influence in the 
invading Vaters on the segregated saline matterg of the soil. Moreover, 
Professor Medlicotb himself shows from the analysis of the water from 
four wells in JJoeskee (distant from the banal 500, 1,400, 3,500, and 
4,000, feet) very marke&differenoes in their relative richness in the reh 
constituents. The first of these (a) is richer in total salts thin the water 



G4 


OPIUM HUSBANDRY. 


in the canal, with differences in the relative proportions of the chlorides 
and sulphates. The Matter having been considerably increased, clearly 
enough pointing to a source of sulphuric acid in the soil which may 
have found a base in the decomposition of the chloride (of which there 
is a loss), by the action of 'lime. Again, the Waters of (b) and (c) con- 
tain less by one half in total salts than that of (a), and nearly one half 
less than the canal water itself ; while in both the chlorides are in con- 
siderable excess of the sulphates. Lastly, in well (d) the total salts, as 
compared with those id the canal water, is above ihfee to one, the two 
salts being in this case very equally developed. Professor Medlicett in 
remarking on these differences says that the water levels in the wells 
are affected by the rise and fail in the canal, so that any saline deposit 
below should Contaminate all equally, yet it is only in (d) that any such 
action is marked. “I cannot avoid concluding,” he continues, “that 
the reh at {d) has been accumulated from canal water, or at least from 
a solution of no greater strength .” Now it is distinctly stated in the 
paper from which I quote that the water in each well is removed 
from any sensible influence of surface evaporation; consequently 
reflecting on the communication between the canal and well waters, 
I do think, in opposition to the above view, that there is every 
grounds for the assumption that the waters have local sources 
for the supply of saline matters. As for the objection that if there 
were a local source of supply for the well ( d ) it would equally contami- 
nate all, with equal force may the converse proposition be urged, T :iz. if 
the canal is the sole source of the water and its salts, why should 
there be such great differences in the quantity of the latter present 

in the different wells € Now, the phenomenon of local deposits 

of saline matter is familiar to travellers in the salt tracts of Upper 
India, &c., where as lakes and pools dry up they leave in the 
hollows isolated patches of saline matter to be covered over to a greater 
or less depth by the ever moving sand^ So in former periods may 
similar deports have been made in those parts which now give rise to reh 
and kullur efflorescences, and lie far away from any canal influence. 
Indeed it appears to me highly probable that the tracts and patches of 
reh and kullur now appearing and disappearing on the same spots with 
the seasonal alternations of drought and humidity were originally 
deposited in the manner above indicated. We often observe the 
efflorescence appearing in oblong or circular patches, always richer or 
most f idly developed towards the centre, thinning off and graduating into 
the ordinary soil in the circumference, just as if they sprung up from 
or rested on some concave and impervious pan of cfay. Conversely 
with tiie quantity of rain we have a corresponding increase or decrease 
in the reh efflorescence. It is thus also that the continued land-soak 
of the canal waters accelerates the development of reji in their vicinity, 
in affording, a continuous supply of water. It is highly probable, 
however (assuming thq union of the canal* waters with those normal 
to the undersoil), that there will be an underground circulation, the colder 
waters of the canal sinking and being replaced by* tfye. warmer waters 
of the subsoil, the latter being first evaporated. Thus, unless in cases of 
actual inun<Jation or swamp, the canal waters a«© probably considerably 
altered in the course of this underground circulation,* and before 'they 
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are again raised up and evaporated. . . . Commenting on the canal water 
as a chief source of the salt on newly affected lands, Professor Medlioott 
says— “ The canal water is a known oause; it must act to its full 
extent ; it affords an inexhaustible, .an ever-i$newpd supply, and it may 
be adequate to the result.*. . . Assuming that the soil, the sub-soil and 
the rock are perfectly free from*thes£ sa^s, the very result before us 
would eventuate under the conditions described, and from the canal, 
water alone. A foil containing 30 parts of sulphuric acid in l,uO0 
produces barren reh* land. We may take 30 parts of sulphuric acid 
in 1^000,000 of water by weight as the greatest proportion contained 
in the canal water. Taking 2 as thp specific gravity of sulphuric 
• acid, it would require an evaporation of 5,00£Uinches deep of water 

to convert 10 inches cube of soil into reh soil Assuming 10 feet 

or 120 inches as the annual evaporation, we should get rid of our 5,000 
inches in about 40 years.” — I rather think the Reh -producing power 
of the canal water, per se, is here much over-estimated. First ds to the 
rate of evaporatiorf from the soil : this I think can scarcely exceed fey 
100 inches annually ; that is, allowing 0*5 daily for the hot season and 
0 2 for the remaining portion. This I think, will be considered when 
we consider that even for the Red Sea during the hot months the 
estimate is only half an inch per day. Mr. Medlicott’s estimate 
would thus be reduced by one-sixth. The calculation is further more^ 
mistakingly based on the assumption of a sustained or continuously 
accumulating efflorescence. Now, obviously, during each rainy season 
those saline efflorescences will be again carried down into the soil, so that 
the degree of accumulation on the surface from .year to ye af will con- 
versely depend on the moistness or drynesS of th© seasons It would 

thus appeaf that the canal ws$er containing, as Mr. Medlioott shows, 
but minute quantities of the reh salts, are evidently inadequate to the 
, production of those salts in sufficient quantity to cause any deterioration 
of soil. \ think there can thustbe no question that prior to the develop- 
ment of the canal systems, those salts formed natural constituents of the 
soil, and that in a sufficiently diffused stafe to promote fertility. There 
is no necessity for assuming that prior to the invasion of the canal waters 
the ultimate components only of these salts were diffused through the 
soil. Commenting on this view, Mr. Medlioott says — “ Ex nihilo nihil 
fit is a proverb of old standing, and as the radicals of these salts are the 
most easily deteoted of all the substances in the categories of chemistry, 
we may* *feirly ask the advocates of this theory to bring some 
statement of facts in support of it.” I will not attempt this. The 
question “ Where does the reh come from? as it appears to me, isbf easy 
explanation. Let us see.— As a rule it forms but aPloose and thin super- 
ficial coating to the soil, and unless in local patches, rarely exceeds 
sSme two or three inches in depth. Now, a very prevalent potion, as we 
have seen, is that it arises from the use <5f canal wateis in irrigation. ^ On 
the other hand, I* am of opinion, that as limited t<*th e canal ranges, it is 
but the purgings, so to speak, of the soil by the infiltering of waters from 
the canal channel#, # Irrigation, however, increases the evil, in so far as 
temporarily raising *the zone of saturation in the subsoil. But for this 
exoess of waters in the Utter, irrigation with the saline-tinctured 
waterfTof the canals oould not have other than a fertilising influence, and 
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there could then be no t prejudicial development of reh matters on the 
surface. Again, the so-called reh, according to Mr. Medlicott, mainly 
consists of Glauber fend oommon salts, there being as a rule an excess of 
the former. Now, frqm an aif-dry sample I find .on an average that 
six cubio inches weigh 8!b, and this covers one superficial foot to the 
depth of two inches. At tl$s rate 26 tons of reh ' would oover an 
in^uerial acre to the depth of two inches, and I think it will be 
admitted that even in, the most extensively reh-aff^cted distribts an 
unbroken surface of that extent with more than* an average of twb 
inches will rarely be found. We have here then, a reh-sterilised surface 
soil. Tacitly assuming that the presence of such large quantities of 
saline matters in the mil and subsoil is incompatible with any degree 1 
of healthy vegetation, Mr. Medlicott asks, — “ Where does the reh come 
from V y Now, certainly in« an accretion of two inches of. soda salt on 
the surface the soil must needs be sterilised for all but the- so- 
called 1 halophytic or salt marsh forms of vegetable life. Nevertheless 
though thus an agricultural evil in the segregated state, it may, I say 
will, none * the less exercise a fertilising influence if equally diffused 
through the soil to a depth of even six inches, as then constituting but 2 
per cent, of the bulk. It could not possibly, however, be originally 
even thus highly concentrated in those soils. Prior to the introduction 
joi the canals, when the water lay at its normal, low level, they must 
have had an extremely dilute diffusion, as extending through zones of 
from ten to twenty and more feet. In those periods, indeed, of 
the soils history, the extreme dilution of saline matters then obtaining 
must have r been unfavourable to any high degree of fertility. We can 
thus readily understand how such lands should have had their fertility 
increased in the first instance (as pointed out by Mr. Sherer and other 
officers after the introduction of the canals by the upward transmission 
qnd concentration of those saline matters in the root zones of the crop, 
with the gradual rise in the water level)* attained their maximum, and 
suddenly sunk to a state of absolute sterilisation. Everywhere thifc has 
been brought about less or more rapidly by the abnormal rise in the 
water level. Mr. Sherer insists on this. Attributing the failing agricul- 
tural capabilities of ‘the soil to the appearance of reh on the Surface, he 
says, “ it is naturally connected therefore with low and water-logged 
lands, increasing where it has once appeared, as the water is getting 
nearer and nearer to the surface. Water in those villages,” he continues, 
“ used to be 40 haths <60 feet) below the surface, whereas it is how only 
two or three feet.” This is the oonvulsion which has taken place, and 
altogether paralyzes the efforts of the cultivator. 

(< a .) — To resume* however, our remarks on Mr. Medlicott’s views, it is 
desirable to observe that soils may oontain from 3 to 4 per oent. of soluble 
saline matters, with no loss of fertility. * The late. Professor Johnston 
illustrates this in works by examples of the analysis and agricultural 
history of certain Indian soils from the districts of Gya ai\d Tirhoot. 
In these cases the soils*by simple washing yielded from 1 to 7 per cent, 
of saline natters, and it is observed that those not exceeding 4 per oent. 
were perfectly fertile. On the other hand that containing the large 
amount of 7 per cent, (a Tirhoot sample), though nearly sterile from 
saline efflorescence in lie dry season , produced good crops of Indian- 



CANAXi WATER. 


67 


com in the rainy season. I particularly notice the degree of saline 
impregnation compatible with healthy vegetatibn, as Mr. Medlicptt 
remarks that while “ a first-rate soil in the climate of England may 
contain as much as 1 per cent, of sulphuric acid ip the form of sulphate 
of soda, a soil in India may produce reh and be damaged by it, though 
it contain no more than 0*5 per c€*ut.” ^ lit such cases, I would observe, 
the reh could be but a secondary evil ; ^its appearance on the surface 
and tha decreased agricultural capabilities of the soil being doubtless 
due to the saturated condition of the subsoil* Mr. Medlicott indeed 
stated, that “in the end of March 18§2 the water lies at a depth of only 
four feet.” Of course under such conditions marsh plants only could 
be expected to* thrive. Again, as favouring^he extraneous origin 
of reh, Mr. Medlicott insists on the rapid decrease in the* proportion of 
salt with increase of depth in the soil, ^s it 'appears to me, this fact, 

on the other hand, altogether favors the opposite view It is to be 

observed that the soil analyses referred to were in every ca&e made 
subsequently to the outgrowth • of reh on the surface , and conse- 
quently when the soil* had been all but utterly purged. of its more 
soluble saline constituents. The fact then, that there should be a 
gradual decrease in saline matters from above downwards is of 
course the natural result of concentration by the evaporation of the 

soil filtrates Commenting on the minute quantities of saline matters 

present in the soils* of reh lands, Mr. Medlicott says — “It is well 
known how retentive clays are of minute portions of those salts : it 
does not at all follow because a clay gives up all its soluble ingredients 
when well powdered and freely washed in, a breaker glass, that it 
would do so under the natural conditions we are discussing.” Now, 
as applied to the soda salts^ which, as Mr. Medlicott himself shows, 
are nearly always the sole constituents of reh, — thjs argument has 
really no force. It has been shown by Way in England and Liebig 
in Germany, as also by many others, that the absorptive power ’of 
the* soil for the soda salts is comparatively weak ; and this particularly 
so for its sulphate and chloride : the reh components. Thus, in dis- 
cussing the special absorptive properties of the soil, Liebig observes 
that potash and soda are well known to stand to each other in 
the closest chemical relation, and that even their salts have many 
properties in common. An unpractised eye can scarcely distin- 
guish them, but the soil can do this in the most perfect manner. 
“ If we add,” he continues, “ any soil in powder to a dilute solution 
ef chloride of potassium, in a short time there will not be found any 
potassium in solution. Now the same quantity of soil dbes not 
withdraw from a solution of chloride of sodium, cont ainin g an equal 
amount of chlorine, even the half of the sodium. Again, from the 
Sulphate and nitrate of sodq, the soil withdraws only a part of the 
soda, but the wkole of the potash from then corresponding^ salts.” 
Reflecting theif-on those relations of the soil and its saline constituents, 
as also the saturated condition of the former when reh is produced along 
the canal ranges, it is easy to see why there should be an increasing 
paucity in the saline components of the soil from abovi downwards. 
Thus, as I believe, the reh salt, prior to the canal invasions formed natural 
components of those lands, and this in a sufficiently diffused state to 
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promote their fertility , their prejudicial concentration now being wholly 
attributable to the general rise of the water level. A temporary relief 
from those mischievously abounding waters would, I am convinced, 
show this in the course of one, or at •most two rainy seasons,- by again 
harmlessly diffusing those salts in their original matrix. TPhe answer to the 
question “ Whence came the refy salts ?” Is thus, as I think, afforded without 
recourse to mystical combinings of latent elements, or “ other vagaries” of 

the^ulchymists Commenting on the views of those who insiafcun the 

soil origin of the reh salts, Mr. Medlicott somewhat impatiently says — “ To 
such arguments I can only answer that, unless in cases where facts are 
brought to support the suppositions, it is irrational to aooept them in oppo- 
sition to what I have skwn to be, necessarily at least, a partial source 

that the elements of these salts exist, to the full extent, latent in the .so//, 
and are developed by irrigation, is quite inadmissible. The assertion 
must be proved.” On the other hand from the point of view suggested 
above, the onus , as it appears to me, of affording the argumentum clanim 
that the canal waters are the original menstrua of the r$h salts, is for those, 
who adopt that view, to show from the analytic : history of reh-invaded 
lands that they did not originally contain in sufficient quantity the special 
kinds of saline matters necessary to the production of the phenomenon 
in question. 

(b .) — I have but a few words more to add here on the deterioration of 
lands on the canal ranges. Reh is generally regarded as the main cause 
of this deterioration, and it is thought that if they could be but purged 
of it, their fertility would be renovated. I am of opinion that this is 
a mistake. r The real evil is the undue rise of the normal water level. 
Water in quantities thus permanently in proximity to, or less or more 
invading the root range of the crops jrill to a certainty kill them. 
Reh is in such cases but a secondary evil, the real bane, or 
radical evil, being the water-logged condition of the soil. Our cereal 
crops generally can withstand a copious efflorescence of reh, as I have 
frequently observed, if the soil is favourably conditioned as to moisture. 
If too dry, crops of course suffer more on such lands than do 
those on less saline lands, but with a sufficiency of moisture, they will 
afford a fair return in* grain ; and I am thus strongly of opinion that 
those pro tempore reh lands, by a low level drainage, a liberal tilth, and 
exposure for a single rainy season, would have again their fertility 

restored On a small scale, we often see the effects of water-logging in 

the case of the poppy by the percolation and infiltration of water from 
the main irrigating channels. The injury caused to the plant by this peiS- 
meation r and water-soak of the soil is very striking (and that with the sur- 
face soil by no means excessively moist, or even at all sticky or adhesive) ; 
growth is retarded, or altogether arrested according to the degree of 
moisture. In the former case the leaves .assume a pale, sickly, yelloW 
hue ; the flower buds appear on tbe'spare and dwarfish stalks; but so low is 
the vegetative force fhgt they but imperfectly, if at all, expand, and the 
whole plant dies without perfecting its seeds or yielding any drug. In 
some instances where the plants were thus destroyed; the water, though 
in a channel* only 12 inches in diameter, 18 inches deep, and but 8 
inches above the level of the surface soil, had extended under the main 
road 11 feet broad, and destroyed, as above, the plants opposite^ to a 
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distance of from 15 to 20 feet. This excellently illustrates in a small 
way the evil to be contended with in the oanal ranges. Suoh questions 
as the origin, &o., of the reh salts have but a theoretic interest, the real 
bane of agriculture in, those traotei being, I repeat, their water-logged 
condition. . * 

I have already noticed the prejudicial effects of water-logged soil 
on vegetation, and I will here only illustrate its chilling effects on the 
soil by ibe following table of the average temperature of wet and dry 
soil in the gardens here, with the maximum and minimum of the atmos- 
phere, for the month of January last. 4 The readings of the thermometer 
in the soil were taken at' 5 p.m. • 

January 1876. 


1. .Maximum temperature in the sun ... 80*49 

2. Maximum temperature in the shade ... ... 75*12 

3. Minimum temperature ... ... ... 43*1C 

4. Temperature of soil in popgy plot (depth 1 foot) ... 75*00 

6. Temperature of water-logged soil (depth 1 foot) ... 62*50 


7. The waters of tanks and jheels during the season of the poppy’s 
growth abound less or more in decomposing organic matters. They 
are thus of high fertilising value, and but for their relatively cold tem- 
perature (as at that period, with a large evaporating surface, they have^ 
but little depth), they would form an excellent stimulant to the young* 
poppy.# On that account well water, as I have already remarked, 
though relatively poor in fertilising elements as compared with that of 
stagnant jheels and tanks, is nevertheless, as being of a higher tempera- 
ture, the better irrigative water for the young poppy, unless indeed the 
soil itself is radically poor. If well water is available therefore, the 
better plan is to use it for irrigative purposes, and adyantage should 
be taken of the drying up of the jheels in the hot weather,, when their 
muddy deposits may be readily Reared out and applied with advantage 
to the land. 


CHAPTER XII. 


THE FLOWER : ITS PARTS AND FUNCTIONS. 

• • 

1 -iTAe period of flowering. 3 -“The flower : its parts. 8 — Duration of th^ flower. 
4 —The flowers vigils. 5 — The collection of flower leaves. 6 — Their prepara- 
tion as capsular lamina. 7 — The period of drug-yielding. 8 — The preco- 
cious development of seed as affecting drug secretion. 9 — The extraction, of the 
. drug. XU— The collection of the drug. 11 — The colour of the drug. 

The age at which the poppy produces its .flowers varie§ consi- 
derably. Thus, in my own fixpenmental plots during the past season, 
I find the'several varieties and mongrels under similar treatment from 
the period of their germination, taking as a minimum ; the Malwa varieties 
seventy, and the ZoeaAvarieties seventy-five days, and as a maximhin the local 
varieties eighty-site, and the mon gre ls one hundred and ten days, until the . 
upfnliting of the flirt flower. We have thus differences in the arrival of 
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the flowering stage, of from eleven to thirty-five days in the local varieties 
apd their mongrel progeny. The relatively earlier flowering of the 
Malwa varieties is no doubt due to the dryer and hotter olimate of Behair, 
which, lowering the .vegetative powers of the plant, induces it to run 
up prematurely to 4 the flowering stage. # As contrasting with this 
and showing the influence roi She higher average temperature — 

. especially perhaps the chitling effects of the • excessive evaporation 
during the night— and the shortened day of the tropical reason, as 
compared with the summer day in the south of Europe and Turkey, 
it is noteworthy that the varieties of the opium poppy from directly 
imported seed, arrive at the flowering stage at a much later period than 
the looal and acclmatised varieties. These exotic ‘ varieties are of* 
oourse a summer’s crop in their own countries. During the past season 
I had seeds direct from, Turkey, Italy, France, and . Spain. The 
age of the plant, i.e. from the date of germination to the unfolding 
of th& first flower in each plot, was, for the Spanish 107 days, 
Turkey 113 days, for the Italian .119, and fo? the French 120. 
As compared with the local poppy, the flowering period was thus 
considerably retarded. This might be expected, however, as the plant 
in all those countries is, as I have remarked, a summer crop. Our short 
days and comparatively cold nights (especially those of December and 
January) being unfavourable to its rapid development. Indeed, this was 
c so much the case that during the latter month they made little or no pro- 
gress, and many of their lower leaves began to droop and withe* But, 
that water had been temporarily withheld from them (as increasing the 
chillness in its evaporation), few, I believe, would have survived. With 
an increase of night temperature in the beginning of February, they 
gradually resumed their vigor, and very soon, with a liberal supply of 
water, far exceeded in bulk and vigor any of the local sorts. As illus- 
trating this I may state that while half a dozen plants of the Turkey . 
poppy at the flowering stage weighed 8| seers, the same numBer of the 
local sorts, (also in high vigor) weighed only 2 seers. I was indeed 
much surprised with the high luxuriance and really gross habit of 
all those newly imported poppies. 

2. The flower, • I need scarcely remark, is composed of parts 
essentials, and subservient to, the production of seed. The latter oompries 
the leaves of the flower, and are merely protecting organs to the first 
class. In the poppy, as in eveiy complete flower, they are disposed in two 
whorls or circles, one .within the other. The outer set is called the 
calyx, and consists of two thick-textured, green-coloured leaves, 
technically distinguished as sepals . The inner set, of more delicate 
textured flower-leaves, forms the corolla } and is composed of tour white, 
fed, lilac, or pinky coloured leaves, each of which is called a petal. 
The two inner series of organs are those essential to the production t>f 
the seed ; first, the stamens or male organs of the’flower, consisting of 
two parts, viz. the jUcynent or stalk, and th£ anther; thedatter containing 
the fertilising powdery, matter called pollen. The st amens in the no pp y^ 
are n ormally numerous, from 140 to 16tL_thougbr inr 
dwarfed sif^tinM^^ave" observe^ flowers witE^from twgJioJthree 
only,- suiroundliig~‘&~ mmiature oapule, with a three to five lobed 
stigma , aSdrcOntammg perfect seeds. The capsule *or central part of 
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the flower is the drug-producing and seed-hearing organ : technically 
th© * <>ne- celled wary.jmA a sessile, overlapping 

stigma JmdedJatQ JxWL JMfl [jfffs. The KncSons ortEese 'are to 
receive the pollen graipi^from thV*anthdrs and excite the development 
of a delicate tube, which penetrates the loose tissues of the stigma, 
directs its way to the ovules, and effect tie fertilisation of the seed! 
Such then are the parte and functions of the flower. , > 

3/ •<£The flowgrs of the poppy are very ephemeral, the calyx falling 
off with the first expansion of the petals, while the latter with the stamens i 
fall ih’the course of the # third day; thus lasting in all from 54 to 60 j 
hours only. The duration of the flower in many plants, as is well known, 
•is prolonged *by preventing the fertilisation of the <*mry. It .would appear 
to be inoperative in the poppy, as I find that the petals and stamens fall 
off simultaneously from the fertilised and unfertilised ovary. The 
sepals, petals, and stamens, the rind of the stalk and leaves, as wel^as the 
walls of the ovary, are all in their immature stages pregnant with* opium 

1 ‘iiice. In the petal'it is comparatively thin, but milky, colouring slowly 
>y exposure to the atmosphere ; in the filaments it is denser,* and rela- 
tively to their size much more copious, and, like the juice of the ovary, 
undergoes a very rapid oxygenation when exposed to the atmosphere. 
With regard to the fertilisation of the ovary, it is to be observed that 
on the first expansion.of the flower the stamens overcap the ovary, and. 
the anthers, bursting almost immediately after the opening of the petals, 
discha^e their pollen ere the stigma is sufficiently developed to be 
influenced by them. The ovary increases rapidly in size, and by the 
third day after the flower has opened, the stigmatic shield overtops the 
stamens by a half to three-quarters of an inch. The double crests of 
the stigmatic rays are now pgirtially opened, but it is only on the 
fourth day, and thus after its own petals and stamens are cast off, 

► that they are fully opened and expose their moist velvety crests to the 
pollen-bearing wafts of air. It is thus easy to see that the fertilisation 
of the individual flowers is more likely to be ejected by poUen from 
other stamens than their own. . 

4. The vigils or the so-called sleep and awaking of flowers 
are exhibited by the poppy. Like the tulips arid 'marigolds, of which 
Bishop Hall thus quaintly writes, “ it is a true client of the sun ; 
observant of his motion and influence! At eventide it closes, as 
mourning the departure of one without whom it can neither see nor 
flourish J in the morning it welcomes his rising with a cheerful openness, 
ahd at noon is equally displayed in a free acknowledgment^ of his 
bounty.”— The firs t expansion of the .noppyrhlosaoms takes place from 
shortly after sunrise to abo ut noonTby far the mlyo^y afe^Tbweve| , , 
open in the afternoon. A day or \ 

so prior tcTthis, the hitherto drooping flower-buds assume an erect 
position, and shortly after daybreak* the crumpled petals begin to 
spread out and s throw off tfieir calyx covers. By sunset the corolla 
has again closed itself over the ovary* and stamens, End opens-" 
again oy sunrise fhe following morning. This, the evening of the 
second day’s expulsion it is less sensitive to decreasing KgEt and heat, 
and is not fairly closed until it is nearly quite dark. Again, on the 
morfling of the third day li fe still less influenced by the sun’s rays. 
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and it is only after it has attained a considerable' elevation that the 
flowers are fully expanded. By noon the petals are all more or less 
drooping, and fall off by sunset ; while the stamens are closely applied 
to the walls of the ovary with their filaments dry and shrivelled, and fall 
readily off with the slightest breath of air. 

5. The petals or flower leefaes ate largely utilised in the formation 
t of the shells or capsules of tne opium, as prepared for the China trade. 

T?he collection of the petals is however made without the least ‘injury 
to the plant,* their natural fall being but barely anticipated. 

(a .) — The assamees know well, from the appearance of the flowers 
(the deflection of the oup-forming petals, or the shrunk and discolored 
stamens applied to tkft c ovary), when the petals are ready f6r collection, 
and rarely catch an immature flower. The process is simple : thus, they 
clasp the petals at the base jvith the forefinger and thumb, .gently draw- 
ing them upwards, and tightening them over the apex of the capsules, 
when the matured petals at once disarticulate or detach themselves. 
Tliere is thus no tearing or straining of the petals, and no loss of juice 
from the disarticulated surface, the collection being made usually by 
noon on the third day of the flower’s expansion : while at all moist they 
are never collected, as they are then apt to become discoloured or even 
partially fermented. I may here add, as showing that the collection 
,of the petals is in no way detrimental to the plant, that crops from 
which they have been taken produce from 15 to 40 seers of seed per 
beegha, more than those from which they have been left to fall naturally. 
It thus perfects fertilisation. 

6. The mode of preparing the capsular laminae from the floicer - 
leaves is simple, but efficient. 0 A tabular fireplace (12 to 18 inches high, 
by about 12 inches in diameter) of strong clay, with a thick shallow 
saucer to rest over it, and all well dried in the sun, comprise the necessary 
preparatory apparatus. When the saucer is heated to a degree slightly 
above that at which the hand can be kept on it, two or three handfuls 
of flower-leaves are spread regularly over it, covered with a moist piece of 
cloth, and all firmly pressed by a damp pad of cloth. What with the steam 
from the cloth, and the natural gum and resiny matters of the leaves, all 
soon become agglutinated, and are then turned over, any inequalities at the 
margin put right, all uniformly and somewhat firmly pressed again with 
a moist pad, and then carefully taken from the saucer and spread out in 
an airy place to dry. They are thus quickly, easily, and economically 
prepared. It is only' necessary to have them thoroughly well dried 
before they are finally stored, as, if at all damp, and placed in a confined 

‘ room, f they soon undergo fermentation. — The' annual consumption of 
those flower laminae in the preparation of the capsules or shells for the 
China opium is veiy large. Including loss in storage from attacks of 
grub, &c., it is upwards of 16,000 maunds, to compose which the entire 
petals of nodess than*4,710,400,000 flowers are required. I particularise 
entire petals , as in scone localities the claws of the petals are taken 
off as they are collected, and of course there is a very considerable loss 
in weight; in fact fully one-third of the gross "weight, i.e. of the 
freshly colfected flower-leaves. The best laminae* are thus prepared, 
the texture being firmer and more elastic than those with the petal 
claws, but as it is a mere question of gain or loss to the as&mees 
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they of oourse in general utilize the entire petal# — It may be as well to 
state here that the above estimate of the number of flowers annually’ 
required for the capsular laminjBB is based on the following data:— I 
weighed a seer of fre&h flower-leaves, and fdundHhat it comprised the 
corollas, i.e . the four petals, of 46Qflowers, and -that these were consumed 
in the preparation of 8 laminae, whicBinfthe ordinary air-dried state , 
weighed only one chlttack. This is of course equal to 128 cakes ,ahd 
7,300 'flowers, £.<&, corollas, per seer, and so on fbr the higher numbers, 
which are indeed startling. In preparing the opium for the China 
market it is weighed* out in portions of X seer 7 1 ehittaeks ; each 
of which is enveloped in. alternate teyers of Jaminse and liquid 
* opium, lewu, pussewah, and the like, to give theiS. the necessary adhe- 
siveness, and form when dry a firm and compact shell. The weight of 
lamina} * allowed for each shell is 5£ chft tacks, which is equal to 42 
laminae and 2,355 flowers. Then these flower-leaf laminae, agglutinated 
with liquid opium^the drug as prepared for the China market, cotild 
not possibly have a better shell. The Court of Directors were indebted 
to Mr. Fleming of Barochan for the introduction of the ’flower-leaf 
shells, the drug having hitherto be.en chiefly enclosed in tobacco leaves. 
The opium consumers have thus a shell not greatly inferior to the 
unsophisticated drug, for mixing with finely chopped tobacco as a 
smoking material. • 

7. m In the course of from seven to ten days from the fall of the flower- 
leaves the capsules are in a sufficiently mature condition for the extrac- 
tion of the drug. As stray flowers, however, only in the fi»st instance 
usually appear in our poppy khets or fields, it may, as in many of my 
own plots, be some ten or twenty days later ere there is a sufficient 
number in flower to make it wbrth the cultivator’s while to commence 
the extraction of the drug. When once commenced, hpwever, the 
capsules we regularly practised upon as they attain the above noted 
age. # The drug-yielding sta^e is not, however, with the assamees 
a question of the capsules post-floral age ; their eriterions are the 
plumpness of form, firmness of texture, and the dry and discolored 
appearance of the stigmatic rays, which they in .their own way describe 
as in unit t maila hua . The duration of the drug-yielding quality 
in different plants varies much. In some cases we find a single 
scarification on each capsule wholly exhausting the drug, others 
affording from two to four incisions, and so on, from five to eight, ten, 
ayd even twelve copious discharges of drug. Now, as the ordinary 
practice is to allow an interval of two days between the successive • 
scarifications, we have in the case of the more copious drug-producers 
the quality sustained foT fifteen to thirty-six days. I have not myself 
observed capsules retaining the drug-yielding quality beyond the twenty- 
fourth day, and in those cases where capsules ,had afforded twelve 
distinct drug-yielding incisions, their plethoric hat&t had been taken 
advantage of, and the capsule at once doubly scarified. In dry seasons, 
and especially on light, sandy soils, the quality may be considerably 
prolonged by sustaining a healthy moisture in the soil from the^ 
first appearance of the flowers* until the plants evince a failing' 
supply of drug. , The assamees^ generally are averse to this practices, 
and as a rule do not irrigate during the collection of the drug, a 
. k 
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less or more copious # irrigation being made a day or two before the 
. capsules are first scarified, and the last, as they say, to perfect 
the seeds, when the oapsules have ceased to yield drug. This practice 
may answer well enough on moist and clayey , soils, but there is plainly 
an advantage in occasional irrigations of the plant in its drug- 
yielding season on dry sandy £oils, and as in the past excessively dry 
Seasons 1875 and 1876 even on strong clayey * soils. Variety, soil, 
manure and climate also, as we have shown in a previous chaptef , have 
a direct influence oh the duration of the drug-yielding period, as alsb 
on the quantity and quality of the produce. 0 

8. Again we not ^infrequently find plants of high precocity and 

prolificacy, concentrating from the stage of fertilisation their whole ' 
energy on the production of seed. In such cases the walls of the 
capsule quickly assume a dull olive-brown colour, become dry and woody, 
and yiqld little or no drug, while the inner walls — the placenta— are 
studded with the premature seeds. Another case of arrest of the drug- 
secreting quality is due to precocity r and abnormal development of 
the seeds. • In this instance (which is most frequently observed in 
dry seasons and on light sandy soils), probably in part from imperfect 
fertilisation and deficient humidity," a quasi-vegetative development 
is excited in the ovary, and the cord — technically the funiculus — by 
which the seed is attached to the placenta is abnormally elongated ; the 
seed becomes abortive, or not unfrequently is converted into a bud-like 
body and gives off minute leaves, as occurs in many well-Tmown 
viviparous f ov proliferous plants. (I may here remark, however, that I 
have never been able t6 sustain the vegetation of these buds, i.e, to 
rear them up to maturity.) In those cases, as in the preceding, 
we find the juice in the capsule walls also quickly drying up (rarely 
affording more c than a single incision), and sooner or later bursting 
longitudinally from the strain by the increasing bulk of .the seed 
processes. ^ 

9. The drug is obtained by the scarification of the immature capsule 
from below upwards in perpendicular, rarely oblique, liites. I here of 
course refer to the practice in the two agencies ; as in Malwa the capsule 
is usually incised obliquely, in Asia Minor and Persia th§ incision 
forms a nearly complete spire from below upwards, while in Egypt the 
practice is to make short oblique incisions on the lower part of the 
capsule only, and the exudations are said to be generally collected a 
few hours after the incisions have been made. I must confine myself, 
however, to a notice of the modes practised in the Government agencies 
here. The scarifying instrument, though rude, serves the purpose 
well. It is indifferently called nashtar or numce by the natives. 
It consists of four concave-faced, sharp-pointed blades, tied together 
with cotton at about the of an inch apart, the parallel lines 
of incisions* rarelj* exceeding Jth of an inch. lily some localities 
in the Upper Provinces a three- b laded nashtar is in use, whjje I have 
observed that in a few of the khotees in the Tefyta, Gya, and Patna 
divisions a fitco bladed instrument is used, and on each occasion the 
incisions are twice or thrice repeated : there the incisions are very 
short, extending from near the base to little above the middle of 
the capsule. This is known as the tikulea pack, from some fancied 
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resemblance in the incisions to the marts on the forehead of Hin- 
dustani women. I have lately used with decided advantage on some 
of my selected varieties with large oapsules, as also on the com-’ 
paratively small capsuled kalodanthi, # which has perhaps the least 
protracted drug-yielding # period, from tie early pdturation of the seed — 
a bad habit in a variety — a five-bladei nashtar, with the blades at the 
6ame distance apart as in the four-blaaed| and thus cut over a larger, 
surface, #nd got a fine broad and plump cord of drug. The lancing of the 
capsules is usually done by women, and to perforin it well and speedily it 
requires experience, much care, and considerable tact. A careless lancer 
may lose more than half the drug, in sp # ite of* the most careful superin- 
» tendence : Of course I refer to engaged labour, of 'which I have now had 
a few years* experience, and observed much wilful, I should rather say 
spiteful, negligence, both in the lancing; of* the capsule and the 
collection of the drug. This does not occur in the case of the assa- 
mees, few of whom have hired labour, all being done, from thfe' tillage 
of the land to the*fiual harvesting of the crop, by their own house- 
hold. — To return, however, to the mode of lancing. Thje nashtar is 
grasped firmly between the second finger and thumb of the right 
hand, the first finger then resting on the top of the instrument, or it is 
caught between the thumb and forefinger, but in both modes very near 
the points. It is to ^e observed however that the position of the fingers 
does not^ in any way guide the operator in the depth of the incision 
(this d)eing left entirely to his own skill and discretion). It but 
enables ^ him to cut more steadily and uniformly. This is of 
prime importance, as in a superficial or unsteady incision, which 
merely passes through the rind, little of no drug will exude, while 
in a deep penetrating incision any drug that escapes will of course 
lodge in the interior of the capsule and be lost to the cultivator. Cap- 
sules with their walls thus cut through are much injured, .usually pro- 
ducing little or no drug afterwards, and this especially if the wound*is 
between the placenta or seedAearing walls ; less So if opposite or over 
them. I should state here that the incisions* are indifferently made 
either between or opposite to the latter processes. I have seen it some- 
where remarked that every care is taken to* nlake the incisions in a 
line with the rays of the stigma, and of course over the placental ridges. 
This is a mistake, at least as regards the mode in the Government agen- 
cies, though, as I have shown, unsteady, unskilf ul, or careless hands 
would then be less apt to permanently damage the capsules. The 
dbarifying — pachna-kara or pachin of the natives — of the capsules is 
usually commenced by 2 p, m., and continued if necessary until sunset ' 
the drug exuding as well and of as high consistency at the late as the 
early hour, and when collected presents no tangible difference, either’as 
to quantity or quality. The lancers move backwards through the fields 
and expertly catch with their left hand the sufficiently mature, capsule, 
draw their landets perpendicularly over it, slip it, catch another, and 
so on. With hired labour I find it necessary to allow eight to ten lancers 
per beegha for .an ‘afternoon. Doubtless the assamee and his family 
go over their own "khets at a muck lower average of labour, 'but this they 
simply will not do when hired, and by pushing them on they but dip 
ovefthe work badly and bring, in less than a half of the normal 
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quantity of drug. With such peculiarly nice work on hand, it is 
thus to the employea’s interest to avoid anything of an irritative 
• nature in the management of his lancers, and endeavour to have all 
working on good-natuyedly. 

10; By sunrise on thc mornjng after the c&psules have been scarified 
the collection of the driig is eoimnenccd. To this process the assamees 
\ a Fply the terms puncho orf vfaro , i.e. to scrape or take off. The 
inclement used in this process is a small trowel-like scoog- of thin 
iron, with smpoth, even; sharpened edges, and called a * setirah or setooah 
by the natives. What by mere friction over the sides of such ,vast 
numbers of capsules and the chemical action pf ‘the natural and adven- 
titious moisture in the fresh drhg (which undergoes rapid oxygenation 
as its fresh surface is Exposed to the air), it is curious to observe how 
they are worn down on the scraping side by the end of a single season. — 
It is no doubt through this' that the often not inconsiderable percent- 
age of 'iron shown in the analyses of the drug is introduced. It 
is not a natural constituent of the drug, any more, I«b6lieve, than other 
saline and earthy ingredients always less or more present, and due to 
the accidental mixing of fragments of the stamens and flower-leaves, 
as also the adhesion of dust to the fresh drug ou the plants. Consider- 
ing the prevalence of dust-laden westerly winds during the season of 
collection, it is indeed a surprise to me that the average percentage of 
Shell matters in the drug is not higher. In Asia Minor, the producing 
country of the finest medicinal opium, shells are said to be used both 
for scarifying and collecting the drug ! So that it is likely to present 
a considerably higher percentage of lime than the Indian drug of 
iron. — In the process of scarifying we have seen that the operators 
move backwards, successively leaving the scarified capsules in front of 
them ; on the other hand in collecting tliey have the crop in front, and 
collect the <jrug* as they proceed, thus avoiding all rubbing or brushing 
of the drug-bearing capsules. The neck of the capsule is* caught 
between the, first and second finger of me left hand, the thumb being 
placed on the top or shield-like stigma and held firmly in a slightly 
inclined position while with the right hand the drug is drawn off with 
the setwah or scoop. ( .From inequalities in the capsule a portion of 
the drug frequently escapes the net tea h , and a careful collector will 
clean it off with the thumb or forefinger ere the capsule is slipped. 
From time to time as the scoop is filled with drug it is placed in a 
metal dish, and when tji© day’s collection has been finished it is* at once 
transferred to store saucers of unglazed earthenware. • 

11/ The colour of the drug as it exudes and concretes on the 
capsule, and finally attains a mature consistence, varies considerably in 
the different varieties, and also in the individual plants composing those. 
The varieties in the Government agencies are in this respect well 
distinguished from those of Malwa both in the crude and mature drug. 
The juice as it exudfes from the former is of a dull chalky- white colour, 
changing less or more rapidly to a dull reddish-brown or piliky-red. 
In the Malwa varieties, on the other hand, the juice exudes of a 
smoky-whit<$ and-— much less sensitive than the former to atmospheric 
action — slowly assumes a palo chocolate-brown colour. Especially 
marked is the change in the juice of the varieties kalodanthr* and 
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ieyleah . In both the juice is almost a milk-white as it exudes, but 
almost instantly acquires a dull greyish tint, and still deepening in 
colour, and not exceeding a minute from the making of the incisions all 
are covered over \Vith a cord of ’pinky-red drug.* Again, plants of the 
hdodanthi , fey leak, &c., and particularly of ^the ^y&riety called monaria , 
have a somewhat curdy juice <3f a dull smoky- white as it exudes, 
slowly changing, as it covers the incisionj, to dull chestnut or r^d- ' 
brown. % In the Malwa varieties the juice very slowly changes 
from its ^exuding* colours of smoky- white and ^uH cream to tawny- 
yollaw or chocolate-brown. The variations, I need scarcely say, 
arc due on the one hand to differences in the* susceptibility to atmos- 
• pheric action, and on the * other to the degyf# of ultimate oxy- 
genation of the juices. Anyhow, they indicate marked differences 
in the chemical condition of the exuding juices ; and that these 
differences are constitutional, and in no way related to climate or soil 
conditions, is shown by the fact of their presenting these distinc- 
tions while growing together .under similar treatment on a single 
plot. Again, as in the crude drug, we have also some little 
variety of colour in the mature or prepared drug. Thus, we have 
light chocolate to dull chestnut-brown, and reddish brown passing 
to dirty brownish-black in the various local varieties, while in the 
Malwa sorts the colour varies from tawny to yellowish, or dark-browi\ 
and dull-red. As regards colour and texture, the Malwa drug more 
resembies that of Asia Minor than that of Behar or Benares. In a 
variety, however, of the local sorts which I picked up in the gardens 
here — well marked by its setigerous flower stalks—the drflg presents 
all the physical characters of the Malwa* sorts, while in alkaloids it is 
richer than either those, or auy # of the local varieties. 


J 

CHAPTER XIII. 


TIIE LATEX : ITS CIRCULATION AND FUNCTIONS. 

1 — Tkc latex: its characters. 2 — Its functions in the 'plant. 3 — The “setting” 
• of the milk-sap . 4 — Its circulation . 5 — Explanation of the phenomenon . 

6 — Js correlated to the extraction of drug from the capsule . ' 

The function of the latex or milky juice in’Che poppy should not 
be altogether unnoticed in this little treatise (even though there is *a 
confessed want of all positive information on the subject), inasmuch as 
authors on the physiology of vegetatioh very generally regard it of 
prime importance in the "plant’s nutrition. .Thus, according to 
M. Schultz, “the function of the latex • is to nourish the tissue among 
which it is found... .* . . . the latex is the only one of the fluids^in the hart 
whioh can have a progressive motion, and it is therefore it which fur- 
nishes nutrition. ...... The loss of only small quantities of latex injures 
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plants very much.” In face of this latter statement we are all familiar 
with the fact that the*opium poppy, though annually depleted of its last 
drop of milky juioe for more than a century, does not evince the slightest 
symptoms of failing* vigor, bjit new as hitherto, ‘is alike healthy and 

prolific Again Satejis anjl Hanstein are of opinion that it (the latex) 

contains matter of a directly nutritive character and others of an excre- 
* mentitious nature. Schleiclen,' in treating of the latex-vessels, their 
contents, the vegetable acids, alkaloids, &c., remarks that they “ are 
never found in the ordinary plant-cells, while many amongst them 
under peculiar circumstances faij to be developed ; for example; the 
poisonous secretion of hemlock, which is not found in the plant of the 
Asiatic steppes ; whilst others are substituted the bne fdr the other,* 
without the vegetation of the plant suffering in the smallest degree. 
Therefore, in the contefcipbition of vegetable life, I think they may 
in a .great measure be disregarded as unimportant substances.” 
This view best accords with observed facts. Thus the poppy may, 
as* we know, in successive generations be systematically depleted 
of its milky juice without affecting in any tangible way its 
vigor or fertility. Professor Schultz, however, asserts that “ upon 
robbing Asclepias syriaca of a great: quantity of its milk it ceased to 
bear fruit , but it sustained no inconvenience upon merely losing its sap.” 
n 2 I suspect there is some mistake in tye statement : anyhow 
it requires confirmation. The plant is not a native of this country, 
nor is it in cultivation in any of our public gardens, but as Common 
in India we have in the mudar — Calotropis yujautea — a near ally, 
which I khow from direct experiment does bear fruit, perfect its full 
complement of seed, and’ is in no perceptible way injured by the 
extraction of its milky j uice. I find this the case also with the 
)oppy ally She&l-kanta , — A rgemone mexicana , — and the common lettuce. 
”t would thus appear that the milky juce, as Sehleiden suggests, is of < 
] ittle importance in the vital ecomomy af the plants in which it is found. 

!! think this will hold very generally inVll milky- juiced annual plants. 

! !n these the habit of producing this, having probably been acquired 
j ? rom a perennial progenitor , to which the storing of such surplus matters 
in the periods of hi^h ‘vegetative activity may subsequently h&ve served 
an . important purpose in its reactions with absorbed moisture, when 
the buds first began to unfold after the plant’s season of rest. What, 
then, it may be now asked, is the source of the latex or milky juioe ? 
This, as regards the 'poppy, is plainly a most important question, as 
possibly indicating modes of enriching the plant in those very matters 
which give it a pljce amongst our agricultural — officinal plants, 
but unfortunately ft is one on which there is a want of positive 
information. M. Schultz, indeed, who regards the latex as a highly 
elaborated and highly organized juice, does not .hesitate in asserting 
that it originates ip* the sap which rises jpy the tissue of the wood, and 
introduces itself into the leaves ; thence, after * being elaborated , 
passing into the bark, -where it is deposited in the vessels in its mature 
form . We have seen, however, that the latex can'have but a very low 
physiological value in the vital economy of the plant ; and observed 
facts clearly show that it does occur in its own peculiar vessels in other 
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than the elaborated and mature form , in which alone M. Schultz 
appears to have found it. In the case of the pbppy, for example, we 
find in extracting drug from the capsule that after one, or in some cases 
two, incisions have ‘been made, and afforded copious discharges of well 
matured drug, q third, if immediately Jfollo^ifig, will give rise to a 
very crude drug of almost watery consistence and colour. Again, it 
is to be observed that Mf the capsules of £he^>oppy are lanced during $r 
immediately after strong gusty wind the drug invariably oozes *out 
o£ a poor watery consistence and colour, much of it 1 dropping from the 
capsule ere it can forrn a coagulum. .From the foregoing illustrations 
then, it would appear that the milk possesses both absorptive and 
•assimilative. * properties. I 'may also state here that besides the 
latex, the milk- vessels do occasionally contain air-bubbles. I have seen 
them escape in scarifying the capsule. This, is Noteworthy, as there can 
be no question as to the function of these tissues, and respecting the func- 
tions of the spiral, annular, and other vascular tissues it has been held, 
that as containing # air, they cannot possibly be distributors of sap. 

Than the above views of M. Schultz, Schleiden’s appears tome the much 
more feasible. Thus in discussing the peculiar vital properties of the 
liber-cells and milk- vessels in certain plants, the latter authority remarks 
that the contents of the latex- vessels differ specifically in almost every 
plant, and frequently jn different individuals of the same species, at least ^ 
in the proportion of the separate constituents. This, I may remark, is 
well illustrated in the several varieties of the opium poppy. 44 Again,” 
he continues, “ with regard to the value of the latex, in respect to the 
life of the plant, if we disregard Schultz’s wholly* unfounded fancies, we 

are also entirely in ignorance ” Probably all these organs, like the 

latex receptacles , by which th^y are frequently replaced, are for the 
purpose of receiving matters and preventing their reaction upon the liv- 
* ing cells, .which would otherwise be detrimental to the life of the plant , 
This is at all events indicated hy the circumstance that almost all vege- 
table # poisons, and which even fat as such on the very plants by which 
they are yielded, are found in the latex ; but as yet nothing but the most 
vague suppositions can be broached. With regard to the phenomena 
in the po^py, however, I do think we have grounds for assuming that 
the functions of the milk- vessels are of an excretary nature, and that 
these are probably largely promoted by, if not dependent on, the action 
of those irregular club-shaped expansions of fibrous cells which I have 
elsewherb shown, so abound in the prosenchyma— ^technically the meso- 
ca!p or middle part of the wall of the seed-vessel. (I have also observed 
them in the corresponding parts of the leaf — the mesophyllum — and 
the bark — the mesophleoum) and always intimately associated with the 
system of milk- vessels. As it appears to me, these peculiar vessels are 
specially related to the milk-system, and, as I will subsequently attempt 
to show, may be the main aggut in induoing that p&cjiliar circulation of 
the latex— cyclom — which has been regarded as analogous to the motion 
of the blood in the lower forms of animal life. In a subsequent section 
I shall, however, .recurto the phenomenon of cyclosis ; in the meantime we 
have to do with the functions of the*milk-system, and the probable origin 
of its contents in the poppy. In illustrating these phenomena I adopt 
Schfelden’s suggestion, and regard the milk-system as a special reservoir 
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for certain saline matters which may accumulate in undue proportion in 
, the normal working sap, as also oertain peculiar organio products result- 
ing, it may be, from the waste, or I should rather say surplus, organic 
elements liberated in ttie development of the tissues. As supporting 
this view, we find che bite^ mqst abundant in the young or 
developing parts of the plafits, and decreasing after they have 
'attained their full development. Let us see, * then, how far these 
views are supported by the observed phenomena. — Jn the firif placo, 
however, it is to r be observed that the milk-system of the poppy 
is more larg'ely developed, and consequently .its power of secretion 
is perhaps greater relative to its bulk than that of any other milky - 
juiced plant. ,1 of <ruurse refer to the local cultivated varieties of the 
Government Agencies, which I believe produce larger quantities of drug 
than those in the Indian native states, or in any extra- Indian poppy - 
growing districts. As compared with what we may presume to be the 
normal or wild form of the opium poppy, the best of pur local sorts yield 
from eight to twelvefold more drug. This, I may add, is wholly due 
to the inherited effects of increased action continued through a long 
series of years, as the selection of seed from the most copious drug- 
producing plant is but initiated for two seasons past in the experimental 
gardens under my charge. To proceed, however, with our illustra- 
tions. -First, as showing that the juices do occur in a crude state in the 
milk system, we have only to take a vigorous poppy plant in the prefloral 
stage and subject it to a process of depletion. Thus, by cutting off the 
apex of a growing plant we have the wound almost instantly and 
copiously coated with *a dense, readily coagulable milky- juice. The 
wound being thus closed by a coagulum of the extravated latex, the 
stem is again cut across, a fresh surface exposed and re-coated with 
juice, and so on. Now, by thus repeating the process from four to 
six or more* times, according as the plant is less or more advanced, we 
fiud the milky- juice becoming thinner; paler, and less sensitive to 
atmospheric ' action , until it attains quite a^watery consistence and colour 
not tangibly affected by the* air, while still possessing highly acid 
qualities. Thus depleted, we now allow the plant to rest for two or three 
days, again cut it Wross, and we have a repetition of the above 
phenomena ; the dense and quick changing colour of the normal latex 
giving place to a very slightly colourable fluid of watery consistence. 
Hitherto we have been presumably treating a growing plant, but now 
subject a fully mature°plant to a similar depletive process. I mean a 
4 plant a/ter it has ceased flowering, but prior to the maturation of the 
* seeds. — Observe the different results : a dense, readily coagulable milky- 
jqice, quickly changing colour under the action of the air, is first 
produced, and so also in repeatedly exposing a fresh surface for some six 
or eight times, but at last a thin, but milky coloured juice slowly 
exudes, *and*is scarcely at all coagulable, forming only a thin film over 
the surface as it dries up. The process of depletion is now completed, 
and in cutting the steni across again on the following day we have no 
exudation ; ihe secretion of the milk-juice has altogether ceased. We 
have thus clear evidence that the milk* or drug-secreting function of the 
poppy is contingent on, and limited by, the function of nutrition or 
vegetation, as opposed to that of reproduction. 
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(«.) — It may now be asked, does the milky juice in any way con- 
tribute to the nourishment of the seeds? Let* us consider this ques- 
tion : we will best dp so by a comparative examination of mature plants 
with and without the di;ug, i.e\ plants which ^ have had no drug 
artificially withdi^wn, and those # front which /it has been wholly 
taken by capsular scarifications. Now, in the first instance, it is 
to be observed that' throughout the vd^etative period the drug- 
forming juice abounds in a less or more .concentrated state* m 
all the parts of the* plants, and is evidently an tmutilised educt of 
those' processes. This js shown by th# fact that the gross* weight of 
seed in drug extracted and drug-retaining* capsules is much the 
’same. Furthermore the seeds present no tangible difference in size 
or density in their oil-yielding property, their germinative quality 
or vigor of -progeny. In all these respects 'the seeds from drug- 
exhausted capsules are in no way inferior to those from plants whose 
progenitors have been allowed to retain the drug-juices for generations 
past. This at leas? is the result t>f my own comparative observations on 
“ tapped ” and “ untapped ” poppy for this and three previous seasons. 
Again, as regards drug produce, the seed-progeny of untapped capsules 
certainly are not a whit more productive than those that have had a 
continued series of drug-exhausted progenitors. This also appears to have 
been the conclusion of the Opium Agent for Behar, Mr. Abercrombie.. 
Thus, commenting on the experiments in that Agency with seeds from 
tapped and untapped capsules, he says, “the produce from the plant 
obtained from the seed of the untapped capsule is not so much greater 
than that obtained from the seed of the tapped ^capsule, as to render it 
worth while to introduce it generally, and ‘that the continual use of seed 
from the tapped capsule does not f as a rule , tend to cause a deterioration in 
the plant ” : — Indeed, after numerous and careful observations on this 
head, I can add that I have in no case seen the slightest symptom of 
such a falling off either as regards vegetative vigor or reproductive 
prolificacy. Plants sy sterna tiddly deprived of their milky-juice, by 
puncturing of the nodes, or leaf -joints and flower-buds, have more or 
less perfectly performed their reproductive function, i.e. matured a full 
complement of seed.” Positive evidence of the' ihutility of the drug 
as a contributor to, or promoter of, the vegetal and reproductive 
functions is afforded by a physiological study of the plant in its 
maturation of those functions, when allowed to retain the whole of 
its milky juice. Observe the phenomena. — TheSe will.be more clearly 
set; forth by comparative experimental observations on the maturing 
fruit, i.e. the seed-capsule, with and without the milky juices. Thus, ’ 
under the latter conditions, the seeds, as being Surrounded by walls 
more , pervious to heat rays than those with the milk-laden vessels, 
are fully matured* in from 15 to 30 days after the fall of the 
flower. This is indicated externally by the capsule acquiring a dry 
and woocjy texture, and a dirty brown colour, the •leaves having simul- 
taneously withered from below upwards, *#hile* the stem and root are 
also dry and hard*; in short, all parts of the plant quite dead. On the 
other hand, in the case of plants from which the milky-juiee nas not been 
extracted; we find jhat even after the capsule is full grown, and the seeds 
in an advanced stage of maturation, the milk system is full of drug of 

/ 
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high consistence. Obviously the reproductive prooesses are completed 
without tangible loss bjr assimilation, or indeed any chemical change what- 
ever in the milky -juices. As compared with those in the immature 
capsules, they differ only in degree of density* which is no doubt due to 
evaporation of their Eatery cCnten^s, and the thickening of the whole 
vascular membranes. As the leaves wither and the' stems dry up, we 
find irregular deposits of Various matters— mucus granules, globules 
of gum, resin and fat, with occasional crystals — on th$ inner surface of 
the milk vessels, aild this is especially the case when they end in a blind 
extremity— cul-de-sac. In the latter, indeed, wp have not unfrequently 
a coagulated mass of mudus and other matters which have doubtless been 
deposited by the evaporation of their watery solvent. ' As' regards the* 
roots, it is to be observed that while those of drug-extracted plants dry 
up and die simultaneously with, or rather prior to the stem, those 
of plants matured and retaining their milk-sap, continue quite 
fresh for 6ome little time after all the upper parts, stem, leaves, 
&c., are dry and dead. This temporarily prolonged vitality of the 
root is of -course due to the unutilised store of milk-sap, and indicates 
the mode by which those matters may have been utilised by an early 
perennial progenitor of the poppy, as they are, for example, in the case 
of the dandelion and other herbaceous, milk-sap producers. As a 
f practical inference from the above, it is obvious that in promoting and 
prolonging the vegetative vigor of the plant, and retarding the matura- 
tions of the seed, we afford conditions most favorable to a "copious 
development of drug. Obviously then, and as a consequence of that all 
pervading r law of antagonism between the nutritive and reproductive 
functions, by delaying the period of reproduction, lowering, so to 
speak, the reproductive activity, the secretion of drug will be corre- 
spondingly promoted and prolonged. This can best be done by enriching 
the soil with ammoniacal or nitrogenous matters and sustaining a 
sufficient humidity in the earlier stages »pf the plant’s growth, and thus 
check any tendency to the premature production of flowers ; and fastty, 
when the plant has attained the flowering stage, to irrigate freely, only 
discontinuing it wholly if the soil is of a strong clayey nature, whereas 
if light and sandy, continuing it occasionally during the earlier collections 
of the drug. It is important to observe this, inasmuch as a deficiency 
of root-moisture during the flowering stage will tend greatly to 
accelerate the maturation of the seed, and consequently the death of 
the plant. * 

(b f ) - The latex or milk-sap consists of a watery fluid, probably 
* containing albumen in solution, and with suspended globules of fatty 
and gum-resinous matters. To observe the general characters or pecu- 
liarities of the latex, it is necessary to examine it fresh from the plant 
with a microscope of from 250 to 400 linear magnifying power. — This 
linear or diametrical magnifying power vjill of course be distinguished 
by my readers from that called the superficial , which’ is equ§l to the 
square of the linear, st> thsit the above instruments have a superficial 
magnifying power of 52,500 and 160,000 respectively. 1 measurements, 
I need scarcely say, of senational microscopists only — that class who 
impose on an over-credulous public with their oxy : hydrogen micros- 
copes, in which the so-called drop of water is represented as containing 
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monstrous animalcule, which are but the larva of dragon-flies, 
beetles, &c., requiring no microscope for their • examination, being 
fully an inch long. — Let us now resume the examination of the milk- 
sap . Commenting on the latex/- M. Schult# says — “ If we consider 
the organization of the latex, the globules it contains, its property of 
coagulating and separating into serum ^ and a Sort of febrine, we are 
tempted to believe that there is a considerable analogy between it and 
the bloqd of animals.” As opposed to Schultz’s views on the organiza- 
tion of the latex/ Professor Mohl shows “ tha£ the globules (which 
according to Schultz constitute its living part) are destitute of any trace 
of organization, and can no more be cojnpared with blood-corpuscles 
than can anv* other drops of resin, oil, &c., met wi£h.in vegetable fluids. 
The caoutchouc of the latex cannot be compared with* the fibrine 
of the blood,, since it is not met with, as Jhai? is, in solution in the 
serum, and does not transform this latter into a plasma; it is met 
with, on the contrary, in a complete state of development under the 
form of globules”* Observe them in the poppy. — In it, as we have 
remarked, the essential iflorjihological or structural elements, consist of 
minute globules and granules of fatty and gum-resinous matters. 
These are suspended in a less or more concentrated milky fluid, which 
(probably from the presence of free meconic acid) has always a distinct 
acid reaction : apparently more so in the morning than the evening. 
In the natural state (i.e. when the vegetative processes are in full 
activity^ it is, so to speak, the mother liquid of that singular series (no 
less than tenfold!) of alkaline and neutral matters which give it a 
first place in the Materia Medica. In the milt- vessels of tile mature 
plant, when the watery fluid has been wholly resolved or evaporated, 
traces of these matters in their qormal crystalline forms may generally 
be detected. They may readily be separated, however, from the fresh 
juice by pjacing a portion of the latter on a glass slide and treating it with^ 
alcohol. As the alcohol evaporates, the crystal may be readily detected 
by ail ordinary lense. Places under a microscope with a magnifying 
power of about 250, the mass of them will be found to consist of minute 
tufts of silky needles (narcotia and narCein probably), and isolated, 
right an<f oblique prisms, variously truncate (chiefly morphine, with 
codia and probably thebaia), while on the slide they may be readily 
stained with magenta or a dilute solution of carmine and ammonia ; 
the morphia acquiring a pale carmine tint, those of narcotia a faint 
violet titfge. As regards the proportion of solid constituents * in the 
n^vly extracted milk-sap, I find, in the various samples which I have 
examined, from 17 to 22 per cent.; the state of concentration of the 
sap being affected by the physical and chemical properties of the soil, 
by heat and cold, humidity, and (very markedly by) strong or gusty 
winds. Thus, in the light sandy soils, even with a considerable degree 
of humidity, the juice as it exudes, at oiiee forms a firmly adhesive cord, 
while, under like ‘conditions of humidity, plants o q a # strong clayey soil 
will give* off a thin liquid drug which drops less or more from the 
capsule. • • 

„ (c.)-— As a ruld, the drug is also thinner in the morning than in the 
afternoon or evening — a result no doubt of evaporation being in excess 
of absorption during the day, and in the night we vend. Gusty winds 
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also in a marked way do somehow reduce the oonsistence of the drug, 
$s all must have observed in scarifying the capsules, either when or 
immediately after they had been thus shaken, strained, and jostled : 
the strain on the tissue§ apparently causing a, direct and reciprocal 
transudation of the hjilk and ordinary sap from their respective vessels. 
It has anyhow nothing to do with evaporation from the leaves, as the 
phenomenon is the same fyith a moist, as a dry, gusty wind. The 
dolour of the juice also, as I have already remarked, varies in theiindivi- 
duals of all the varieties from dull milky and greyish- white to pinky- 
red, but I* only lately observed both colours on different capsules , of 
& single plant. In this instance the juice from the terminal and two 
adjoining lateral cap^iles was of the former colour, While the capsules on 
the lower branches (with the exception of one which had, strangely 
enough, also dull grey* juipe) had juice of a deep pinky-red. Even at 
the points of .origin from the main stalk, each branch when punc.tured 
gave off juice similar in colour to that of its capsule. It was an 
interesting variation. • * 

3. Let us now then, pass on to the “setting” of the milk-sap, 
which M. Schultz, agreeable to his notions of the functions of the latex, 
considers analogous to the coagulation of the blood of animals. This is 
a great mistake, as the blood and milk-sap are alike distinct in function 
r and constitution. The setting of the milk-sap is simply a process of 
inspissation or drying, altogether distinct from the coagulation of the 
blood, which is caused by the deposition of numerous delicate filaments, 
called fibrine , and the ultimate segregation of its elements — the one a 
clear yelfowish liquid called the serum , the other a red semi-solid mass, 
the clot or crassamentum • containing the fibrine and corpuscles. 
Though, thus, a purely physico-chemicaj phenomenon, it is none the less 
distinct from the setting of the milk-sap. In it — the milk-sap — we find 
w no separation or segregation of constituents : a superficial film forms 
by desiccation in the first instance, and ultimately the bulk thus sets 
and forms a granular or homogeneous mass. As in the case of fclood, 
however,’ this setting or drying of the drug, may be considerably 
retarded by sprinkling over the exuding juice a few granules of common 
salt or other salina matters. While treated, either in the fresh or 
mature state, with a solution of alcohol and sulphuric acid, a black or 
purply-black (according to the degree of acid tincture) liquid results ; 
very much akin, as we will subsequently see, to that drug-deteriorating 
product called pusscicuh. I need not dwell longer, however,* on these 
phenomena, and in passing on to those relating to the circulation of fee 
milk-sap, I will but remark that the microscopio characters the general 
nature, and properties of the latex, are quite opposed (as Mohl asserts), 
fo the views of M. Schultz. 

We will now briefly notice the phenomenon of cyclosis as that 
peculiar circulation ef the milk-sap in its capillary network of vessels 
is called. In the poppy they are less or more numerously developed in 
the roots, the stem, the leaves, and the various parts of the flower ; thus 
forming from base to apex a minute, surrounding,, and continuous 
network of capillary tubes, in which the drug-fOrming juice of the 
plant is segregated and circulates in a peculiar way. By their 
branching and freely anastomosing they are readily distinguished 'from 
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all other forms of vegetable tissue. Their origin is still obscure : some 
authors regard them as cellular canals covered with a special mem- 
brane, others that they are intercellular passages originally devoid *of 
a special membraite or envelope* but subsequently acquiring one from 
the secretions they contain. From a careful examination of them in 
the germinal plant, and the nascent ^tate of" the petals and stamens, 
one is tempted to refer them to that division of vascular tissue hitherto 
regarded as peculiar to the higher flowerless plants — the ferns, club- 
mosses, &c., — anti which Schleiden calls “ simultaneous vascular bundles” 
This .form of tissue is variously disposed in the different orders of 
flowerless plants, but throughout there is a uniform and characteristic 
• mode of development, namely in growing only. at the apex, i.e., the 
end next 'the punctum vegetationes , and that simultaneously with the 
elongation pf the parts (stem, leaves, &c.A in which they are found. 
Ho.wever, be this as it may, they are the reservoirs of the milk- 
sap, the peculiar circulation of which, as facilitating exudation 
and drug-produc®, it is very, desirable to illustrate in this little 
treatise on opium husbandry. We will begin with the germinating 
plantlet. — First we find - the tiny radicle protruding through the 
foramen, or opening of the seed-coats, and thus with a fixed 
process in the soil the seed is raised, and cast off by the developing 
cotyledons or first leaves of the embryo. At this stage the plantlet is 
from two to three lines long, and less than half a line in diameter? 
Under the microscope we find it is chiefly composed of oblong and cubical 
cellular tissue with a delicate central cord of spiral ducts, associated with 
elongated cellular tissue — technically, the cylindrical parenchyma . The 
central cord of spiral ducts extends from near the apex of the root 
through the compact layer of hexagonal or six-angled cells — which form 
the “ collar ” of the plantlet — upwards in the stem to the point of origin 
of the cotyledons where it parts, one branch passing into each, and 
forming a nascent midrib. From the apex of the cotyledon to near 
the ftpex of the root, there i! thus through those spiral, ducts, direct 
and continuous channels for the circulation ‘of the sap. The oblong 
and cylindrical cells both contain amylaceous granules. These are 
generally disposed over the sides of the walls T The vessels contain 
a limpid watery juice, which gives a feeble acid reaction.. . . . The root 
now extends and ramifies downwards, while the first true leaf unfolds 
itself from the points of origin of the two seed-leaves, and so on, a succes- 
sional spirally disposed Beries being given off by the developing stem. 
As the poppy plant unfolds its primordial leaves, the hitherto colourless 
latex is sufficiently concentrated to present a milky character, with well* 

, marked acid qualities. A section of the stem now exhibits a central 
zone of cellular tissue (the pith or medulla), imbedding towards its 
circumference a seijes of isolated spiral cords (the foundation of the 
woody fibres) associated with the delicate milk*- vessels, and a zone of 
slender oblong cells (readily Sistinguishable from ^he less or more regular 
hexagonal ceSs of the pith), constituting* the .nascent woody-lay ers ; 
while surrounding * all, we have a somewhat dense zone of rounded 
cellular tissue forming the rind ox bark. In vigorous plants the pith or 
central zone composes the bulk of the stem. In the rapid develop- 
ment of the latter it is ultimately much broken up, presenting distinct, 
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less or more elongated chambers, or drying up altogether below, it 

leaves the centre of the stem quite hollow. I casually notice this, 

' as specimens of plants exhibiting a curiously chambered or fistular 
pith, and affected with specific diseases, have been s’ent to me with the 
observation that they* Jmd # been» injured by the operations of insects 
or their larvae in the interior o£ the * stem. Of course this was quite 
• a .misapprehension : the hollowing or chambering of the stem being 
a 'result of high vegetative aotivity, and by no means symptomatic 

of disease in the* plant. There is a great Similarity in tl^e 

structure of the stem and the root; the latter also having a -less 
or more distinct central zone of cellular tfssue corresponding to 
that in the stem, Jbi^t distinguished by its firmer or more consoli- • 
dated texture/ and the absence of that colouring matter (the chlorophyll) 
which gives a green hue ^to the stem-pith. Thus, in the poppy the 
points of origin of the root and the stem are well marked, as also their 
polarity of growth ; the one growing downwards in the soil and avoiding 
light, while the other courting the latter, grows ujfWards and unfolds 
itself in the free air. The woody zone of the root and stem have 
no clear line of demarcation, the loosely structured pith-shell of woody 
bundles passing gradually from near the neck of the plant into 
the more consolidated shell of the root zone. Applied to, and extend- 
ing over the woody zone, we find a delicate tissue of yohng and 
forming cells, and chiefly in the outer zone of*this occurs a mazy 
system of minute canals, which branch and inosculate in* every 
direction, and perhaps more than any other vegetable tissues, resemble the 
capillaries T)f animals. .This constitutes the milk-sap system, and is of 
course that which attaches to the poppy its high value as a medicinal, 
and indeed economic plant, to by no pjeans an inconsiderable quota 

of the world’s population This layer, as I have remarked, consists 

of the nascent formative tissues, its inner surface forming the succes- « 
sive layers of wood, while the outer is transformed into the liber and 
bark coverings. It is thus the seat of Highest vital aotivity. Unless 
in those cases, therefore*, where the milk-ducts are embedded in the 
pith, it is evident that in the gradual evolution and transformation of 
the cambium layer — ^s»this glutinous slimy tissue is called — into wood 
on the one side and bark on the other, there must be a simultaneous 
development of the milk -ducts, and this probably mainly in an inward 
direction, while the outer parts thus rendered effete are successively embed- 
ded or absorbed in the increasing layers of the liber or bark. I am led to 
believe that the milk-canals are mainly inside growers ( i.e ., increase by tlife 
'new matter pushing out that already formed), partly because they are as 
a rule largely confined*to the outer or liber- forming zone of the cambium, 
aifd also from the fact that, in the scarification of the poppy capsule, 
while their normal function is but temporarily impeded by a superficial 
cut, it is less or more completely ’arrested when the depth is sufficient 
to sever the shell of* th^ capsule. This I attribute to the incision of the 
growingpointsofthe milk-ducts (which it is to be observed are by no 
means confined to a single plane, but on the contrary form a relatively 
broad band fa their containing tissues), and the consequent free admission 
of air to the channels. Be this as it may, we find the milk-sap 
vessels associated with the cambium layer from the'apex of the toot 
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to the apex of the stem, passing along its branches and freely ramify- 
ing in the leaves and the various parts of the flowers, thus presenting 
a mazy labrynth of. minute but continuous channels all through the 
plant. * 

It has already been obseBved that the fluid contents of those 
milk-ducts present a peculiar less or more regular motion, which has 
received the name of cyclom . Mr. Sohifltz, who was amongst the 
first to-notice these movements, regarded them as vital He remarked 
that “ when the vessels are parallel and near each other, the currents 
rise in* some and fall in others, but in connecting or lateral vessels the 
currents are directed from right to left, • or the reverse, according to 
*no apparent rule. The essential cause of the mcftion is the perpetual 
oscillation of the globules. They have an incessant tendency to unite 
and to • separate without the one tendency ever overcoming the 
other ; and as the organic elements of vessels are of the same * nature 
as the globules of Ifitex, it follows that the walls of the vessels and 
the globules they contain have the same tendency to approach and 
retreat as the globules themselves have with respect to each other. 
As this motion of coming and going takes place in a determinate 
direction, it necessitates and regulates the progressive motion of the 
latex.”. . . . This mutual attraction and repulsion of the globules and 
the walls of the vessels are regarded by M. Mohl as pure creations of* 

the fancy. Commenting on the phenomenon of cyclosis , Schleiden 

says, — “ It is to be remarked that in the very young condition only 
a clear watery fluid is contained in the milk vessels, and consequently 
that it is impossible to observe any motions in il ; and that’ in vessels 
of a certain age and with thick walls, the latex coagulates in many 
ways, and is transformed into*a solid mass, as for instance in the 
Euphorbiacm. The question respecting a motion is* thus confined 
to vessels of an intermediate age. Under these circumstances, when* 
a section is placed under tiie* microscope, a rapid motioq is noticed 
in tne granular sap, frequently in opposite directions. Upon 
looking at the extremeties of the Cut vessels a protruded and 
coagulated mass will be found at each end of the same vessel, and 
at the same time an outward current will W established on the 
other side, so that it is impossible, without a preconceived notion, 
to regard this motion as it appears in these observations as one 
having a determinate direction Of a regujar motion in a deter- 

minate ctirection I have never been able to observe any indications. 
Let any one that will have recourse to the convenient scapegoat of 
an universal vital power , amuse himself with it, but he must not 
imagine in doing so that he is proposing anything really scientific.” — — 
Treoul is of opinion that the milk canals are in direct communication 
with the pitted duots, and other vascular tissues, participate in the 
general circulation, and functionally form as it were various reser- 
voirs. Commenting on the views of §ohult&, Mohl, and others, 

Professor Balfour observes “that it — t he so called cyclosis — is not 
caused by a vts*c^ tergo , because it is by no means constant in its 
direction, and there is no organ to supply a propelling force ; and 
it cannot be attributed to a vis a fronts like that which operates in 
causing the sap to ascend from the roots to the leaves* Moreover, it 
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goes on for some tjme in parts detached from the root, where 
• nfeither of these powers can be exerted. There is no evidence of 
contraction in the vessels themselves to account for the phenomenon. 
It seems to be a peculiar vital • movement connected with formative 
actions, and attributable to affinities, existing between* the tissues and 
. the fluids concerned in nutrition. The cause of , the motion is thus 
Btill sub judice . f 

‘Now, as^has been shown by Mohl and others, there is no regular 
or sustained, circulation of the milk-sap. By placing undetached and 
uninjured petals with fringed margins of the opium poppy (dwarfed 
specimens are well suited for the observation, the .texture being then 
quite pellucid^ showihgclearly its whole structure,) under the microscope, 
an irregular, fitful current can generally be perceived, and this lasting 
only in any particular direction for a few seconds. It is c occasionally 
intercepted as it were by an active flow, suddenly setting up in a lateral 
and differently directed canal. Again by severing^ the apex of the 
petal fringe, a rapid flow is at once set up in the direction of the 
wound, and continued for a few seconds, or until the wound is closed 
by the congealed sap. Whatever part of the petal may be wounded 
the flow is set up In that direction. In observing the milk-sap move- 
ments in the petals, I find it best to fix the petal in the first instance 
*on the slide with a very thin coating of glycerine. This should 
of course be applied to the slide, and the petal equally spread out on it. 
Cover over a portion of the petal with a slip of thin glass or a flake 
of mica, and place it under the microscope. Having carefully adjusted 
the instrument to the focus of the milk-ducts, the less or more fugitive 
and erratic movements will generally be readily detected, and 
this the more markedly if the petals' of a recently expanded or 
. expanding flower are taken. The younger indeed the part is the better, 
the circulation being rarely perceptible in the mature petals. <• It may 
also be observed that the flow of the sap may to a certain exteqt be 
excited and directed by slightly moistening parts of the petals beyond 
the field of the microscope with ether. The rapid evaporation of this 
liquid generally excites^ a flow very similar to that induced bj^ cutting 
or pricking the petalk. In this result, as it appears to me, we have a 
new* light on the nature and cause of- these peculiar movements of the 
milk* sap. To illustrate these points we must needs introduce the 
reader to a set of pecujiar vessels less or more generally associated with 
the milk-ducts throughout their whole course. These are the absorbent 
• vessels of Mr. Herbert Spencer. They are found in the root, the stem, 
and the leaves of th& poppy, and generally abound in the capsule. 
They were first observed by Unger in several of the Australian Acacias 
more than thirty years ago. He regarded them, however, merely as 
excretory (saccharine) glands, apd had no idea of the funotion now 
accredited to them by Mr. Spencer. This ^author, in his Principles of 
biology , describes theih as “.masses of irregular and imperfectly united 
fibrous cells, such as those out of which vessels are developed ; and they 
are sometimes slender, sometimes bulky, usually ho t we^er being more 
or less club-shaped. ,, Commenting on their occurrence in the Australian 
Acacias, he says “ these have them abundantly developed, and it is 
interesting to observe that here, where the two vertically placed surfaces 
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of the flattened out petiole are equally adapted to the assimilative 
function, there exist two layers of these expanded vascular terminations, 

one applied to the inner surface 9 f each layer of parenchyma ; . . 

Considering the structures and position^ of these' organs, as well as the 
nature of the plants possessing them, may we not form a shrewd sus- 
picion respecting their function ? Is it*not probable that they facilitate 
absorption of the juices carried back fyom the leaf for the nutrition ' 
of the stem and roots ? They are admirably adapted for performing 
this office.” Lei us briefly note their structural relations* and probable 
functions in the poppy. # 

2. The absorbent organs are very, variable in size and outline ; 
some consisting* of isolated, Ovoid, fuciform or cljib.shaped, and less or 
more elongated fibrous cells ; others occur in clusters or masses, are 
club-shaped,. fuciform, cylindrical or kno]>like in outline, and very 
generally pass into the ordinary vascular system of the part in which 
they lie. They may generally be observed in the cotyledons 8r seed- 
leaves, forming th% apex to the central cord of vessels, either as sliglftly 
elongated twin-cells or Small clusters, and continuous with the cord of 
ordinary vessels. In the roots of the nascent plantlet they are also 
present and there associated with the cord of ducts. Clusters of them 
are found in the leaves, in the sepals, and petals, generally near the 
branchings and inosculations of the veins, with which they coalesce 
and diverge in free extremities’ Especially do they abound in the 
parenchyma of the capsule. They vary much in outline and bulk, 
though generally less or more regularly club-shaped or fusiform, and 
more bulky than those in the other organs of the plant. * They also 
inosculate freely, forming meshes or loops of variable size, and shooting 
out in solitary cells or clusters with free tapering extremities. They 
vary in pattern of fibrous markings, from less or mor€^ distinctly spiral 
to the rqticulated and pitted structure, the most common pattern being 
the netted or reticulate . All are soft and flexible, less or more swollen or 
vesicular, and contain a colourless fluid with finely granular matter 
very different from that of the general parenchyma. 

(i a .) There can, I think, be no question that the f unotion of these 
organs has been other than rightly interpreted by* Mr. Herbert Spencer. 
This, as has been stated, is that they are absorbent organs, and, as 
Mr. Spencer further points out, comparable with the spongioles {i.e., 
the cellular absorbing extremity) of the root. These spongioles of 
the leaves, like the spongioles of the roots, being appliances by which 
liquid is taken up to be carried into the mass of the plant, we are 
obliged to regard the vessels that end in these spongioles of the leavesT 
as being the channels of the down current whenever it is produced. 
They . thus promote the general circulation of the sap and in* a 
special way, as I. am inclined to think, do they excite those erratic 
movements of the milk-sap. Beflecting on *the intimate, relative 
position of these soft, flexible — and probably 4 highly hygroscopic — 
absorbent organs of the leaves with the milk-sap vessels, it is easy 
to see how largely these tiny tubes must be influenced by the ever 
changing degree ’of pressure of .those comparatively bulky absorbents. 
Exposed as they are less or more directly to the atmosphere by the 
stmata % or breathing pores, and thus increasing in volume here, 

m 
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decreasing there, we have obviously a force quite competent to the 
production of the phenomenon of cyolosis. Take a portion of the 

* perioarp of a capsule or a sepal for example, observe in the first instance 
its numerous stomata* (in the one organ from 360 ,to' 1,080 in a square 
inch, in the other froin 2,160 to* 4,140), their structure, and consider 
their function. — Now as these breatEing pores’ of plants are minute 

• openings (oblong or roundish in the poppy) in the epidermis, which 
establish a direct communication between the external air and ‘that in 
the intercellular passages of the plant. They are -in* fact the aerating 
organs of the plant, forming as the case may be, inlets and outlets for 
air and moisture. They usuafly, as in the poppy, consist of two 
thin-walled semi-lunar cells called pore or guard-cells united by their 
outer convex faces to tne epidermis, free on their flat inner faces, and 
thus exerted or depressed— so to speak, extrorse , or turned outwards, 
or introrse , or turned inwards. They thus — to a certain degree recipro- 
cally with the hygroscopic condition of the atmosphere — present in the 
on& case a slit-like orifice conducive to the processes of respiration 
and evaporation, while in the other the orifice *is closed and all direct 
communication between the interior of the plant and the external 
air cut off. As above indicated, this opening and closing of the guard 
cells, though largely, is not wholly, dependent on the hygrometric 
condition of the air ; inasmuch as we not unfrequently find them in 
a single field of vision in different degrees of' openness and even 
quite closed. This has an important bearing on the subject of 
illustration — I of course refer to the movements of the milk-sap. 
With this explanation then of the structure and general functions of 
the stomata, we wifi now resume the illustration of the pheno- 
menon of cyclosis as dependent on the reactions of the absorbent 
organs and stomata. 

3. The leaves and the petals, consist, as we know, of a few or 
several less or more loosely aggregated layers of cellular tissue, inter- 
cepted by air channels or intercellular spaces, and variously traversed 
by the vascular tissues* in the ribs or veins, all being encased in 
plates of cellular tissue ; one or both surfaces of which have numerous 
minute orifices overlying comparativley large air spaces — the stomata, 
which are in direct communication with those of the inner layers. The 
processes of nutrition, it is to be observed, are most actively performed 
by the cellular form of tissue. It consists of, and contains, those gaseous 
and liquid matters essential to vegetative growth, therewith mysteriously 
compounding such primary matters as cellulose , fcecula , chlorophyll^ 
^and alekrone or protein . Though presenting no visible openings or 
pores, it is nevertheless freely permeable by liquid, matters, and 
when in functional activity always contains a mother liquid, through 
which are diffused granules of chlorophyll, starch, ,&c. The vascular 
tissue may be simply* characterized as an^ elongated form of cellular 
tissue, consisting of plosed tubes, very generally tapering to each 
extremity, and not truncate,* as in the cellular forms of tissue, from 
which it is further distinguished by its more specialised functions. 
This vascular tissue when present as.it is in all but* the lower forms 
of vegetals, is the main circulating channel of those gaseous and liquid 
matters which the cellular tissue, per se is incompetent to supply^ in 
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sufficient quantity for any high degree of active development in the 
higher forms of vegetal life. The absorbents, as indicated by Mr. Spencer, 
appear to have a functional correlation to the parts in which they 
occur, corresponding, to that of .the spongioles in the soil. They 
* are, so to speak, foci of absorption and diffusion ‘of the aerated juices 
of the plant. Their osmotic properties ( i.e. 9 fluid transmitive powers, 
that from within outWard being called exysmose — from ex, out of, mp 3 
I seek,-*-the converse endosmose — from encfon, within), are also doubtless 
promoted by the reticulate or pitted distribution o'f those matters deposi- 
ted ©r. developed on the inner wall of the cell — i.e ., afc compared 
with those in which continuous layers are produced and the wall then 
• uniformly thickened! The ‘ milk-ducts or cabals, which are very 
generally regarded as the recipients of the elaborated juices, can — 
as I have shown— be scarcely regarded as .other than mere recipients 
of effete matters. At least in annual plants there are, I think, 
no grounds for the belief in the utilisation of their content? : that 
they may aid in ^recruiting, so to speak, the recurrent vegetation 
of perennial herbs is not improbable. The stomata or breathing pores 
are not, as we have indicated, wholly dependent on the hygrometric 
conditions of the atmosphere, as has been tacitly assumed by many 
writers on vegetable physiology. This is shown by the fact of approxi- 
mate stoma being simultaneously fully open or less or more completely 
closed, so that if due to the hygroscopic condition of the atmosphere 
alone, «we would thus have the same cause producing opposite effects. 
This is obviated by the following explanation : — It is a well-known 
fact that by placing a unicellular plant in a dense fluid, the bxosmotic 
action thereby induced will cause it to collapse or shrivel up, whereas 
by placing it in a thin fluid ai\ excessive endosmotic action results ; it 
then increases in bulk and becomes quite plump. Approximate cells 
also vary # as they become old, in the thickness and rigidity of their^ 
walls, and consequently vary in their osmotic properties ; increased 
density of course decreasing their permeability by fluids. • It is thus 
easy to see how the above noted diversity in degree of destension 
of the stpmatic guard cells may be thereby caused. Less or more 
modified? then, those are the conditions and causey whereby we would 
largely explain the above noted diversity guard-cells of approximate 
stoma. Now, it is to be observed that the leaves and petals 
of the poppy are centrifugally developed {Le., inorease from the centre 
or base 'outwards and upwards), and that consequently on the fully 
developed leaf the most functionally active stoma will naturally be 
those of the circumference, as being the youngest. Those towards 
the outer zones of the leaf will thus, so to speak, be more sensi- 
tive to atmospheric aotion than those on the more mature parfls 
within, and this nQt only as being younger, but as drawing on a 
less tenuous or watery sap ; and hawe thus, as in the.case. of the 
unicellular plant/ its reciprocal osmotio relations .with the atmosphere 
relatively increased. As it appears to me,* however, the main cause 
of the opening .and ‘closing of the stomata is neither due to osmotic 
nor vital forces, but is of a purely physical nature. A hasty and un- 
grounded assumption hitherto unquestioned teaches that the guard-cells 
of the stoma collapse, Le>, open, in a moist atmosphere to facilitate 
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exhalation and promptly distend (close) in a dry and hot atmosphere, 
thereby checking any undue dessication of the inner tissues. Such results 
could only be produced by the so-oalled vital force, as they are plainly 
opposed to any of a purely physical nature. In this instance, however, 
there is no need for recourse to wital or other obscure agenoies. The 
phenomenon has a simple physical explanation. In * a word, when in 
full vegetative activity they ^respond to the atmosphere with barometric 
accuracy : in moist weather, or when the atmosphere is charged with 
clouds or fogs, the* air, 'as is well known, is light, and ’thus the stomatic 
pore-cells have their free margins^ up-raised by the escape of the .denser 
air within the intercellular passaged, thus facilitating the general processes 
of exhalation or respiration ; whereas with a clear and dry atmosphere • 
the increased 'gravity of the air causes a depression of the guard-cells, 
and the orifice is again closed. In some cases, as it appears to me, 
those phenomena are due to the lengthening and shortening of the 
guard : <?ells — i,e. 9 in presenting an open orifice they extend longitudinally, 
whereas in the converse they expand in their transverse or shorter axis. 
Be this as, it may,~there can be no doubt that r the opening and closing 
of the stomata are mainly due to the barometric action of the air. 

4. Let us now address ourselves more particularly to the oscilla- 
tions of the milk-sap : their origin and nature. Now, as has been shown 
by Mohl and others, the milk- sap exhibits no sustained or regular 
circulation. When undisturbed by external causes it is in statu quo : 
oscillations, however, as we have seen, can be produced in any*desired 
direction by pressing or wounding the tissues, as also quickened or 
retarded by heating or chilling and electric action. Transitory oscilla- 
tions of the sap in all directions do however naturally occur, and are 
generally readily distinguished from those artificially produced: in 
the one case the flow is rather slow and rhythmical, in the other quick, 
bounding, -or jerky. Now, it is to be observed that under artificial 
"stimulus, the motion, is directed to or from the points of application. 
Thus, by . wounding the tissues, or by chilling with ether, &c., 
a centripetal flow is excited, whereas by pressure, heat, or the application 
of dilute sulphuric acid (so as to cause expansion of the cell-membranes), 
the flow is centrifugal; In either case this is of course only relatively 
to the point of application, the flow being variously directed in the 
many diverging channels. We have thus in the one case an apparent 
vis a f route — a sucking or drawing force — in the other a vis a tergo 9 — 
a propulsive or pushing force. First, then, of this apparent vis a front e : 
the change from static or potential force to that of a dynamic or motije 
naturd. It has a simple physical explanation, as I will now show by 
an illustration in point, and this from the physics of the so called inert 
tod impassive soil. Observant agriculturists have been struck by tfye 
fact that drains previously dry have commenced to discharge without 
any rain falling on the surface ef the drained land. The phenomenon 
is illustrated by Mr. Bailey Denton, from whose lecture on “ Agricul- 
tural Drainage’’ I quote “ In one instance, after a very dry season, 
the barometer having fallen rapidly for four cOns^gutive days, the 
drains rarf; they did more than drop, and ditches which were pre- 
viously dry became quite wet, with a perceptible stream of water ; this 
gradually ceased with the ehange in the density of the atmosphere, as 
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shown by the barometer. That the phenomenon is clearly attribu- 
table to the diminished atmospheric pressure which exists before raip, 
will be readily admitted when we refleot that in moderately well 
pulverised soil the interstitial canals, .(filled with air) amount to 
no less than one-fourth of its whole bulk. For ‘example, 100 cubic 
inches of moist soil (ue., of soil^n which the pores are filled with 
water, and the cabals with air) contain no less than 25 cubic 
inches «f air . — Practice with Science , vol . I, p.p. 33-36. Nov? in 
the plant, we have as analogues of the interstitial canals of 
the soil, the intercellular passages, whereas the pores -are repre- 
sented by its various* forms of cellular and vascular tissue, though 
•specially, as* I* would observe, by the capillary, system of milk- 
ducts. It * is easy to see that those capillary ducts ‘ more than 
any other fqrm of tissue will respond to the ever- varying pressure 
of the air in the intercellular passages. * Irrespective then of all 
other influences, we have in these many air columns a vis'd tergo 
competent per se *to raise, sustain, and cause the discharge of the 
milk-sap from the cufr extremities of the vessels. This .air force, 
and the capillarity of the canals are, I believe, the main cause 
of the upward current, whereas opposed to these we have in the 
hygroscopic characters of the absorbent organs, or leaf spongioles, 
an opposed force maintaining all in equilibrio : motion in one or other 
or many directions* being due the disturbance of this equili- 
brium.* The erratic movements of the milk-sap are thus of easy 
explanation when we regard them as the combined results of the baro- 
metric action of the air and capillarity from below upwards* and the 
hygroscopic, osmotic, and thermic action of the absorbents from above 
downwards, and laterally. These erratic movements, so peculiarly 
characteristic, are doubtless largely due to the thermic respondings of 
the absorbent organs, which we find so abundantly diffused through the 
plant, and thus ever varyingly exposed to solar influence. From this* 
point of view the harmonious relations of the stomata and absorbents are 
noteworthy. Thus, with a moist or cloudy atmosphere and opeh stomata, 
the osmotic and hygroscopic action of the absorbents is largely promoted, 
and from the relatively decreased air-force, it is probable that the milk- 
sap, will then present a less or more continuous rhythmical motion ; 
whereas in hot and dry weather, when the air is heaviest, we have closed 
stoma promptly checking any undue dessication of the absorbents or 
other oigans, while the increased thermic stimuli. enables them to coun- 
terpoise or balance the vis a tergo of the heavier air-columns, and 
thus maintain a comparative equilibrium. With such competent ever- 
acting forces as these then, the phenomenon jf cyclosis may not 
lqnger be regarded as a “ peculiar vital movement connected with 
formative actions and attributable to affinities existing between the 
tissues and the fluids concerned in nutrition .” — Class Book . of Botany , 
by J. H. Balfour, m.a., &c., p. 424. 

5. From the above point of view we are also enabled to explain 
all the phenomena observed in the extraction of drug from the poppy. 
The effects of meteorological phenomena are well marked. * Thus, an 
easterly wind, whioh throughout the poppy districts iealways less or more 
moist, retards the'exudation of drug, whereas alight westerly wind with 
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a clear atmosphere promotes it. Now, as we have shown in a moist 
atmosphere the absorbent organs are in full aotivity, while the 
opposed force is at a minimum (owing to decreased atmospheric pres- 
sure) ; this result of the relative abeyance of the upward force is, that 
the outer extremitie*s of the plant undergo a partial depletion of their 
milk-sap. This will especially Iiold of the capsule, as* abounding more 
than any other part in absorbent vessels, so that the milk-canals thus 
naturally deprived less or mere of their sap must necessarily afford but 
sparing exudations. ‘Again, in the other case, with a light westerly 
wind and aolear atmosphere, the absorbent organs are in abeyance,* and 
the increased pressure of* air, concentrates the milk-sap largely in the 
capsule, and this on^incision affords a full and copious exudation.* 
I think there can be no doubt, that I have above, briefly indicated the 
true cause of the phenomena in question. Prior to my haying wrought 
out the explanations above given, I had been greatly struck with the 
really 'Scanty and comparatively tenuous exudings, from the scarified 
capsule, when a moist easterly wind prevailed. Strong, gusty winds also, 
as I have observed, markedly reduce the flow of drug and lower its con- 
sistence, so that it is apt to drip from the capsule ere it sufficiently 
congeals. Now, so far as I have had an opportunity of observing these 
are, so to speak, wind-respondings of the barometer: thus with 
easterly weather we have the most marked falls of the mercury ; while 
with westerly weather the fall is inconsiderable, and especially so 
when south-westerly. Hence as might be expected, with gusty, easterly 
winds the drug exudings are spare, of low density, and of a dark colour, 
while with a westerly, though more copious, they are still of a thin 
and rather watery character. There are, however, peculiar variations 
observable in the physical character of the drug under strong westerly 
winds, which could no doubt be explained by careful observations 
with a really good barometer or cethrioscope (neither of which 
T have here) and thermometer. As regards the general influence of 
stormy and gusty winds on the quantity and quality of the drug, *1 will 
here only “remark that, irrespective of their barometric relations, they 
doubtless tend to increase the fluidity of the drug by transfusion of the 
juices from the strain on the various tissues In discussing and illus- 

trating the general circulation of the sap, Mr. Herbert Spencer explains 
its transfusion through compressed vessels. According to his views, 
however, this lateral oscillation or strain of the parts by the wind is 
mainly effective in the longitudinal transmission (the up and down 
circulation) of the sap, he overlooking, as I think, from this point 6f 
■ view, & very much more important agent in the oscillations of the 
atmosphere, or, as ordinarily termed, barometric pressure . 

* As favouring the views above indicated on the peculiar movements 
of the milk-sap, it is noteworthy that while a poppy plant can be 
readily depleted of that sap by scarification of the capsule, this can be 
but slowly and imperfectly effected by wounding the lower part of the 
stem. This is explained by the ms a tergo from below (barometric 
pressure) being greater than that generated by thfe absorbents in the 
. upper part^ and directed downwards. t We have a filrther proof of this 
in the fact that sap exudes more freely from wounds in the stem when 
the mercury is low than when under high pressure. * * 
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THE INFLUENCE 'OP WEATHER ANfi SEASON, &c.,ON THE QUANTITY AND 
' QUALITY OF THE DRUG. 

Dry years are emphatically those in whigh the Assamee reaps 
his largest and best ’crops of opium — a result probably largely due 
to the • soil being in # those season^ better tilled (i. e ., derated and 
pulverised) than in wet years. A dry, and even hot atmosphere 
•would also appear to nave a direct and important effect on an opium 
crop, inasmuch as we find, that though the rains may have been light 
throughout the monsoon, favouring in every wway general tilth, should 
the cold weather, or crop-bearing period of the poppy prove \^at the 

returns will be lowered both in quantity and quality The ojmwi 

season comprises the whole of the cold and the early part of the hot 
season, say from the middle of October to the end of March. • Weather 
and season as essential factors of climate, affect as we have seen in a 
marked way the physical properties and quantity of drug-produce’of the 
poppy. Including, as they do, however, so many atmospheric 
phenomena — for example, the range and variation of temperature, 
degree of humidity, direction and force of wind, the kind and quantity 
of cloud, rain, mist and dew, the electrical condition of the air, and the 
not unfrequently devastating hailstorms — their general results, as 

might be expected, are most perplexing Tha most important of 

these however, as regards poppy culture, • are heat and moisture, 
to which we will confine ourselves in the present section. First, 
then, as to heat. — I may, I think, without fear of •contradiction, 
say that & dry (and comparatively hot) season best prdinotes the* 
drug-sge^eting quality of the poppy, and that not only in quan- 
tity, but also, and in a marked way, improving its physical pro- 
perties — aroma, colour, and texture. Drought, though excessive and 
indeed prejudicial to the common cereal and pulse crops of the district, 
is especially in the post-floral or fructifying -stage of the plant 
favourable to opium produce Prior to that, or in the germination 
and vegetative stages, the plant is of course benefited by moist 
or occasionally rainy weather. In the maturing or drug-produc- 
ing period of the plant, I have in the preceding chapter indicated 
th© nature and action of atmospheric phenomena generally on the 
milk-sap and correlated tissues, and it will suffice here to briefly 
notice the effects of temperature on the physical properties of the drug.. 
First, then, it is to be observed that a drug of high quality can be 

produced under a considerable range of temperature Less indeed than 

any other cognate vegetal product dbes opium appear to be affected 
by such changes. ’ It has been shown for example«that the virulently 
poisonous monkshoods (Aconitum nape Hus), a &c ., 3 are nearly or quite 
innocuous when cultivated in the plains of India : the mismee teeta 
(Coptis teeta), which* grows naturally at considerable elevations in the 
Mishmi mountains (Upper Assam), loses its exoelleht tonic properties 
wheif cultivated in the Calcutta gardens : the common henbane 
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(Hyoseyamus niger) and the khorasanee— ajowan of the native herba- 
lists — are less highly ‘officinal when cultivated in Lower Bengal than in 
Upper India, and so in the case pi many other medioinal plants. 
Opium, on the other .hands under any* conditions in which the plant will 
grow, retains less or more perfectly its normal officinal properties. The 
China opium is the only exception, and in this it is* not a failing in 
narcotic qualities only, but i? aroma and texture and some superinduced 
principle which gives rise to certain forms of skin disease. As a'question 
of mere tenfperatiire, and I will also add light (regard being of course 
had to the Sew point in degree of atmospheric^ humidity), opium of as 
fine quality, physically or chemically, may b^ produced in a com- 
paratively cold, as in a warm, ‘'climate.' To the production of such 
it is only necessary to acclimatise the plant to its new conditions. 

2. Variations in the degree of atmospheric humidity affect in a 
very .parked way the physical properties of the drug when being 
extracted from the poppy. This is a fact familiar to the officers of the 
department. — Thus Mr. Gennoe, commenting on the conditions, &c., 
favourable to the production of opium, observes (vide appendix F, of 
“ Rules for the guidance of officers in the Opium Department,” — new 
edition) “ that there is a wide difference between the produce of the 
earlier compared with the later sowings ; the former is of low spissitude, 
but more bulky, whereas the latter are quite the reverse, small in quan- 
tity, but of higher and superior consistence. ” — The difference of course 
is no doubt due to the relatively decreased atmospheric humidity when 
the later t sown crops are maturing, and by no means to the increase of 
temperature. — “ Gentle westerly winds, ” continues Mr. Gennoe, “ are 
most favourable for our opium collections, as also for inspissating the 
juice when collected. Opium gathered during the prevalence of 
easterly winds is scanty, because the juice does not exude freely from 

, the incisions, and the opium collected is somewhat dark in colour, from 
the atmospheric humidity with which it gets impregnates*.’/ — The 
more copiotis yield of .drug in westerly than easterly weather is, as 
I have shown in the preceding chapter, due to variations in the atmos- 
pheric pressure on the one hand, and the reactions of the absorbent 
organs on the other* ‘The exudations in strong easterly weatlfSr are not 
only spare, but likewise more tenuous o% watery ; and thus even when 
there is apparently a full cord on the capsule in the evening, this, after 
a night’s exposure to such winds, presents but a thin dry film to the 
collector in the morning. This is markedly the case when the plant- 
temperature is below that of the air, the watery matter being tlfen 
wholly extracted from the drug. It is thus that the Assamees will 
have it that an easterly* wind “ eats the opium” Thus paradoxical 
though it may at first appear, with a light, dry, westerly breeze the 
capsule affords a full, plump, cord of drug. The explanation is simple : 
the drug exudes & high consistence, and a firm protective film quickly 
forms over it, and thus checks evaporation or loss of 'watery matter. 

3. In the course of fny experimental observations on the poppy, 
I have been struck with the fact that the capsules yield a drug of consi- 
derably lower density when scarified in the morning than in the after- 
noon, and this alike in easterly and westerly weather This is no doubt 
due to the decreased longitudinal circulation (i.e., from below upwards 
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and vice versd ) favouring or facilitating transfusion of the juices from 
the wind-strained tissues, under a low night temperature. This will be . 
appreciated when we take into consideration the great diurnal range 
of temperature prevailing less or* more’threughQut the poppy season. 
From carefully recorded observations here I find the daily thermome- 
tric range is very commonly 30 to 50 degrees/ and for days together 
in 1874 and 1875 I have observed it anjount to 45 degrees ! The 
air immediately gurrounding the plant I have .occasionally found at 
the freezing point 328, while the maximum temperature Ranged from 
85 to 95 degrees. 0$ a few occasions I have observed films of ice 
on the surface of the i*oil. The poppy was in no way injured by this, 
'though the .ordinary pulse crops of the district were all .less or more 
injured. The opium poppy is thus evidently a plant cultivable under a 
considerable range of temperature. — In the ^movements of its milk-sap, 
as wo have shown, it is really a sensitive weather indicator ; responding 
with the barometej*, the milk-sap (even as the mercury) rises and falls 
with the degree of atmospheric pressure. Any exceptions to this, I 
believe, will be found bn careful examination rather apparent than 
real. For example, when the air is perfectly clear , we may yet find 
with a light easterly air that the’drug exudes but sparingly from the 
scarified capsules. Now, as Tyndall observes, a clear air is not neces- 
sarily a dry air, “ great clearness to light is perfectly compatible with 
great opacity to heat : the atmosphere may be charged with aqueous 
vapour* while a deep-blue sky is overhead ; and on such occasions 
the terrestrial radiation would, notwithstanding the clearness , be 
intercepted.” It is thus that I in a preceding chapter suggested the 
use of the oethrioscope (in studying the phenomenon of cyolosis), an 
instrument delicately sensitive to changes of atmospheric pressure. 

“ This instrument,” quoting from the above admirable exposition of 
physical scjpnce, “ exposed to the air in clear weather, will £t all times,, 
both during the day and the night, indicate an impression of oold shot 
downwards from the higher regions. The sensibility of the instrument 
is very striking, for the liquor incessantly falls and rises in the stem 
with every passing cloud. But the cause of its variations does not 
always appear so obvious. Under a fine blue sky# the cethrioscope will 
sometimes indicate a oold of 50 millesimal degrees ; yet on other days, 
when the air seems equally bright , the effect is hardly 30°.” “ This 

anomaly,” remarks Tyndall, “ is simply duo to the difference in the 
quantity of aqueous vapour present in the atmosphere.” Indeed, Leslie, 
the inventor of the above instrument, himself connects the effect with 
aqueous vapour in these words “The pressure of hygrometric mois- * 
ture in the air probably affects the instrument I? is not, however, tfye 
pressure that is effective ; the presence of invisible vapour intercepted 
the radiation from the sethrioscope, while its absenoe opened a door for the 

escape of this radiation into space .'Gould we ha §ke the* constituents 

of the atmosphere, its vapours included, objects cf vision, we should see 
sufficient to account for this result. — “ Seat as a mbde of motion” page 398. 

4. It is well known to the officers of the Opium Department that 
high and recently \>roken-up land* produces a dull chestnut or reddish- 
brown drug, whereas that from low and old lands presents it in various 
shades of brownish-black. This variation of colour holds with the 

n 
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marc also according to Dr. Eatwell, who states in his rules for the 
examination of opiuih, that the drug from “ new and high lands affords 
a marc of a bright gamboge yellow, while the drug from old and low 
lands, when containing -much pufcsewah i^ a ‘dark brownish-yellow 
inclining to brown. The colour varies, however, from. the above through 
all the shades of brown to black, denoting deterioration or adulteration 
in some form or other.” ^ Generally speaking, light or sandy soils, 
I believe produce a, reddish or chestnut- brown coloured drug, of 
less or morfe granular texture ; the stronger lo*ams and clays, that 
of a dark brown or blackish colour and homogeneous texture/ With 
regard to recently broken-up lands, as also those which have been 
previously under the ordinary crofs of the district — i.e., cereals, pulses,* 
oil-yielding seeds, &c., — the outturn of opium is comparatively low. This 
is even the case when cthe plant relatively to that on well-tilled 
opium lands adjoining is of more robust habit, and markedly so 'when 
the soil is of a clayey or tenacious character. This v I believe, is wholly 
attributable to the insufficiently pulverised condition of the soil. — The 
Assamee is fully alive to the advantages of 'a thoroughly pulverised 
soil in opium cropping. The rationale of it is of course beyond his care 
or scope, and like most of his other modes and ideas, is de facto a 
purely hereditive intuition. — The beneficial effects, as we all know, is 
due to the high permeability of a thoroughly disintegrated soil, by air, 
gases, and water. The lqng continued fertility of some of our poppy 
lands is no doubt largely due to this effective surface aeration and the 
continued use of less or more saline-tinctured water in the irrigation of 
the plant. I insert an abstract of a table drawn up by Mr. Abercrombie 
illustrating the relative fertility of recently broken-up and old opium- 
producing lands. The old districts are Gy a and Tehta, the former of 
which for the eleven years ending the season 1861-62 gave an average 
.of 65 . 3|c.*per beegah, the latter 6s. 6\c. It is to be observed* however, 
that while the average of the three years ending 1853-54 wadtfs. 10|c., 
it had declined to 5s. 6f c. in the three years ending 1861-62. The table 
indeed rather goes to confirm the converse of what it was intended to 
illustrate, i.e ., the undiminished fertility of old opium lands. An 
important element feak also been quite overlooked by Mr. Abercrombie 
in his comparative statement ; this is the annual and very considerable 
extension of cultivation on new lands in the old districts. 
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1872-73 


6 9* 

7 

ii 

5 

81 1 

4 10 

^14f 
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The old districts are Gya and Tehta, of which Burhee, Doomree, 
and Hazareebagh, are new kotees, opened respectively in the season^ 
1862-63 and 1869-70 As illustrating the variation in the area under 
cultivation, it may be .observed that while tjje Gya district comprised 
an area of 35,821 beeghas in 1851-52,* it was only 32,673 in 1860-61, 
since which there basbeen an annual increase to 65,663 in 1872-73. 

5. The nature and condition of the soil affects, as we have seep, 
the physical properties of the drug, and as^iaving similarly modifying 
effects, we will ndw -briefly advert to the manures. 8 Certain manures, 
in promoting the growth of the pogpy, give marked characters to 
the drug. They also promote the drug- secretive function, but there 
•is yet a want of any* positive evidence to sl^ow that they either 
increase the total quantity or alter the proportions of the alkaloids. 
As regards .meconic acid, however, I tljink we have indications 
of its increase and decrease, under certain conditions of soil, 
atmosphere, and manure from the difference in the colour of the drug 
of the same variety under such changed conditions. For example, 
in a light sandy loam* any particular variety will produce in dry 
weather drug of a dull reddish-brown colour, whereas in a strong 
clay, and especially with moist weather, it will quickly acquire various 
shades of brownish-black. So in the case of ammoniacal manures ; these, 
in so far as I have observed, have a strong tendency to give a dark- 
coloured drug. Now, this darkening of the drug I am strongly dispos- 
ed to attribute to a relative excess of free meconic acid in the juice as 
it exudes, and the subsequent formation of meoonates on exposure 
to the atmosphere. It remains to be seen whether or not this view 
will be supported, or another explanation afforded by a well conducted 
series of analyses. % 

(tf.) As above stated, I believe the ammoniacal manures generally 
have a tendency to darken the colour of the drug. This is very markedly 
the casen^en applications of night-soil and urine are made in a fresh* 
or unfermented state. Thus, on two adjoining plots in 4he gardens 
here, one had a liberal application of night-soil and urine" from the 
Patna jail during the rainy season, while the other had a green crop 
oTTSoni {Crotolarm jitncea), overlaid with about ten inches of surface soil 
as a manurial dressing in the beginning of September. Both plots 
were frequently reploughed during the latter month, and finally sown 
with poppy-seed of the same variety about the middle of October. 
The driHg from the plot treated with fresh night-soil was of a brown 
of almost pitch black-colour, of a nearly homogeneous texture, flabby, ' 
and of low consistency, parting very slowly with its natural moisture, 
and giving off a musty and disagreeable odour* On analyses it was 
found no way deficient in alkaloids or extractive matter, but as above 
noted, very much so t in its physical characters : indeed, as regards odour 
the Assistant Examiner ooul^ all but believe that it gave off a fpetidity 
akin to. that of ’the manurial application. On % the other hand, the 
sample of opium fropa the plot treated with* green eoni was of a pale 
reddish-brown ookmr, minutely granular texture, and a fresh, bland 
and agreeable odour. Again, plpts treated, immediately before the 
seed was sown, with ammoniacal liquor from the Calcutta gas-works, 
gave also opium of a dull brownish-black colour, but the odour in this 
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case was fresh, strong, and not unpleasant. In repeating experiments 
with green mammal applications, I found that soni in particular tends 
to* lighten the colour of the drug, and as a rule gives it a more agree- 
able odour than fresh co^dung or * stable-yard pianure. The mineral 
manures generally also appeafr to f lighten * the colour of the drug, 
improve its odour, and give it a less f or more granular texture. This 
hplds at least with all the mineral matters which I have yet tried, 
With the exception of the ir5n sulphates. The plants top-dressed with 
them when the flower-buds were setting gave drug r of a pitchy-brown 
colour and of a more homogenous texture than that from plots 'treated 
with other mineral manure— lime, potash, &c.-4or wholly untreated. 

(6.) The physical and chemieal properties di the soils of cultivation, • 
and the extraneous manuriai applications, are thus shown to affect the 
physical characters of the $rug; but as I have already remarked, we 
have really no positive evidence as to the specific action of particular soils 
or manures in altering the relative proportion of the alkaline constituents 
oF the drug. That peculiarities in the constituents of the soil do 
affect the total quantity and relative proportions of the opium alkaloids 
has, however, been shown by Dr. O’Shaughnessy in his analysis of opium 
samples from the different divisions of the Behar Agency. Thus, in the 
opium from eight divisions of the agency, he found the quantity of morphia 
to range from If grains to 3£ grains per cent., and the amount of 
narcotine to vary from f to 3£ grains per cent., the consistence of the 
various specimens being between 75 and 79 per cent. Again in thfeopium 
from the Hazareebagh district, at a consistence of 77°, he found 4i per 
cent, of morphia and 4 per cent, narcotine ; whilst from a specimen of “ Patna 
garden ” opium he extracted no less than lOf per cent, of morphia and 
6 per cent, of narcotine , the consistence r of the drug being 87°. “ It is 

much to be regretted,” continues Simmonds, from whom I quote, “ that 
these interesting results were not coupled with an analysis of the soils 
"on which the samples were produced, for to chemical variation in these 
must be attributed the widely different results above recorded.” — The 
Commercial Products of the Vegetable Kingdom, page 584 At the period 
of Dr. O’Shaughnessy ’s analysis, the Behar opium is thus shown to have 
contained morphine in excess of narcotine, whereas at the present time and 
for .'years back, the latter has been considerably in excess. This is a 
remarkable fact, which would apparently indicate and be attributable 
to, some general change in the chemical constituents of the soil under the 
native modes of opium husbandry. I think this is very mu r eh more 
likely, than to attribute it to any mere discrepancy in the process 6f 
analysis adopted by Dr. O’Shaughnessy. The sample of Patna garden 
opium is specially noteworthy as presenting relative to the narco* ine an 
ekcess of no less than 4f per cent, of morphia. No such opium, I c may 
say, is produced by any variety of the white poppy in either of the 
agencies now. Thus* the average of the IJehar kotee standards from the 
seasons 1874 and f87p — as given in an analytio statement of various 
samples of opium sent-by nle to the Principal Assistant Opium Agent 
from the gardens here,— is morphine 2'69, narcotine 4 # 47 per cent., the 
drug consistence 70°. As compared f with this the samples of the distinct 
varieties produced in the gardens here are shown in the above tabular 
statement to afford an average of morphia 3*35 and of narcotine 6*57 
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per cent., i.e. relative to the kotee standard a maximum in morphia of 0*66 
per cent . and in narcotine a minimum of 0*90. It is noteworthy also that 
while the kotee standard opium is richer in narcotine than morphine by 
1*78 percent., my experimental garden drug presented a difference of less 
than \ per cent . Presuming in the exactitude of the several analyses, 
we have thus evidence — indefinite though it be — of the conditions of 
growth, increasing or otherwise the absolute quantity, and altering the 
relative proportion of the alkaline constituents. . ' 

6 + This is perhaps as fit a place as any to notice another remarkable 
result elicited in the comparative analyses of opium samples from the 
several varieties of poppy cultivated in the garden under my charge, and 
* the Behar provision and kotee standards. This js the very great differ- 
ence in the proportionate development of what is called the “ extractive 
matter .” This substance is of a pale browq or reddish-brown colour, 
has an acid reaction on litmus, and is thought to be of a hyterogeneous 
nature. It is present in various quantities and apparently considerably 
more copious in Indian than in the Smyrna or Constantinople opium, 
but in all forming with mucilage and caoutchouc the matrix and 
bulk of the drug. Thus, the mean of five analyses of Smyrna opium 
by Mulder gave only £ per cent . of extractive , whereas various analyses 
of the Indian drug shows it in quantities of from 32 to 50 per cent . 

“ It has been supposed,” observes Pereira, “to be one of the active 
principles of opium. The reasons for this opinion are the following : — 
In the first place, it has been asserted that after the morphia has been 
separated from an infusion of opium by magnesia, the filtered liquor 
gives by evaporation an extract which produces the same kind df narcotic 
effect that opium does; secondly , the effects of the known active princi- 
ples of opium are not sufficiently powerful to authorize us to refer the 
whole of the active properties of opium to them.” T^e have in this 
doubtless an explanation of the well known fact that the Indian drug, 
though ocfitaining much less morphia than Levant or Constantinople 
opium, is no way inferior to either in its therapeutic or physiological 
effects. It is to be observed, however, that there is no definite relation 
in the proportionate development of morphine , narcotine , fyc., and the 
extractive matter , so that its true action is not by any means thus 
explicable. In the words of Professor Johnston, ^ the full and peculiar 
effect of the natural drug is due to the combined and simultaneous 
action -of all the numerous substances it contains. Each of these 
modifies the effect which would be produced by any one of the others 

tkken singly It is from the result of all these conjoined actions that 

the singular pleasure of the opium-consumer is derived.” * i 

(a.) I have been much struck with the comparative poorness in 
extractive matter of a large series of samples of opium from the gardeAs 
under my charge,, as shown by the analyses of the present Principal 
Assistant fo the Opium Ageist of Behar — Dr. Durant, and his locum 
tenens in the seasons 1873 and 1874, Dr. Dunqan? It first attracted 
my notice in the results of the latter officer V analyses of my samples for 
1873 and 1874* end I was then disposed to attribute the relative 
deficiency in extractive matter (repeated less or more largely in every 
sample), as compered with the Behar standard for the preceding year, 
Jp <my plants being very extensively affected and indeed seriously 
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injured by the poppy-mould. I suggested this subsequently to 
D/. Durant, and forwarded him for analysis samples of opinion pro- 
duced by seriously mould- blighted plants. The results however show no 
deficiency in extractive matter : I was much struck however to find an 
increase in morphia (as compared with the Behar standard) of 1*04 per 
cent . Commenting on the above suggestion Dr. Durant observes that 
“it is a well ascertained fact that the presence of pussewah adds 
materially to the amount \&f extractive matter obtainable, and as 
your samples were perfectly free from that adventitious substanc’e, 
the decrease in the extractive obtained from them may to a great 
extent be accounted for by this circumstance.” This explanation, 
however, is far from satisfactory.. In the* first Nplaoe *it appears that 
pussewah relatively to pure opium, is scarcely if at all richer in extractive 
matter; and secondly , even admitting Dr. Durant’s assumption, the 
presence of pussewah in quantity sufficient to impart from 15 to 20. per 
cent . of* extractive matter to the drug, would, I am. sure, render it 
altogether unfit for the China market. On this point Dr. Sheppard 
of the Benares Agency observes, “ that if pussewah exists in opium only 
in a very small quantity, and the drug, possessing full aroma and 
unexceptionable purity, it is passed as pure, and is fit for the China 
market/’ 

(b.) As another source of increase in extractive matter, Dr. Durant 
observes “ that the presence of an excess of gum beyond what the drug 
should naturally contain, or any other similarly soluble vegetable 
matter” (of alike nature I may add) “ will also add materially to the 
weight of the extract, though it may not at the same time be a proof 
of the superior excellence of the drug, but on the contrary of its infe- 
riority, owing to the excess shown being caused by adulterative 
Blatters.” I strongly suspect that this is a main source of that compara- 
tive poorness in extractive matter of the opium produce of *^0 gardens 
under my charge — the specific purity of which I will guarantee; allowing 
some small percentage for dust, &c., accruing from the exposure of the 
drug in the capsule in windy weather ; and some little iron from the 
implements used in the collection of the drug — and the standard prorbice 
of the agency. We «shall, however, recur to this topic under Che head 
of impurities and adulterations. 


CHAPTER XV. 


INFLUENCE OF VARIETY ON THE ALKALINE CHARACTER OF THE 

*DRUG. • 

The influence of Variety on the quantity an4 proportions of the 
alkaline constituents of the drug is apparently well marked, but there 
is a great want of analyses specially illustrative of the'se relations. With 
this point in view, I last season requested the Principal Assistant to 
the Opium Agent of Behar to analyse samples of the drug produce of 
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the several varieties of the opium poppy cultivated in the gardens under 
my oharge. I afforded him pure samples of each Variety. The results 
of the analysis are interesting, . even though confined to morphine , 
narcotine , and extractive matter. * They ’ are- shoVn in the following 
tabular statement, , 

* Table K. 


• 

• 

/ 

Exti active. 

Morphine. 

Narcotine. 

1 

Kotee standards — Beliar " 

£l'92 

• 2-69 

4*47 

2 

• i t 

Chaura-kujila 

^8*80 

» 3'71 

3-71 

3 

Kutila 

35*64 

3*56 

3-65 

4 

$ufaid-dantlii 

35-20 

3*36 

3-68 

6 

Do. — drug for thejpreceding season 
not extracted 

38-80 

2-66 

a 

3-88 

6 

Teyleah 

37-13 

316 

3-41 

7 

Ealo-danthi 

. 33 34 

2 98 

3-40 

8 

Monaria 

37-33 

2-88 

331 

9 

Darlii-danthi • 

4331 

3-48 

603 

10 

Sufiiid-patta 

42 54 

3-09 

3*48 


2. These results show ( 1 ) , that relatively to the»Kotee stahdard the 
produce of the several varieties in the gardens here is poorer in extrac- 
tive matter by from 4*61 to 14i58 per cent. ; (2), that with a single 
exception it also yields less narcotine ; but (3), on the other hand 
that it is^in every case richer in morphine. A slight decrease, 
indeed, ic^mown by the variety on the fifth line of table, and this it is 
interesting to observe, is the produce of seeds which for three preced- 
ing generations had no opium extracted from their capsules. Relatively 
to_that of the regularly drug— extracted plants of the same variety, as 
"given^S the fourth line of table, we find the former giving about f per 
cent, less morphine , while in narcotine we have an increase by about 
i per cent. The varieties known as Kutila (vide, lines 2 and 3 of 
table) afford the highest percentage of morphia — the first the two alka- 
loids iif equal proportions , which distinguishes it from all the other 
varieties. The Darhi-danthi, a bristly stalked variety (line 9 of table) 
is specially rioh in narcotine, but poorer than some of the others in 
morphia. In total alkaloids it indeed exceeds by 1’35 per cent, the 
Behar standard (vide 1st line of table), but as compared with some of the 
other old varieties it presents an excess of the less valued alkaline base 
(narcotine), which appears tob possess but little activity. Some years 
ago, indeed, Dr. O’Shaughnessy introduced it as^an excellent Indian 
substitute for quinine, but its general therapeutic taction is very inferior, 
and it is but sparingly exhibited when the quinia salts are available. 

3. It will be* observed that the several varieties vary riot a little 
in their morphine* .secretive quality, and curiously enough, though the 
Sgatfples of my opium are, relatively to the Kotee standard, deficient in 
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extractive and narcotine, the converse is the case as regards the impor- 
tant principle morpkihe. Thus, taking the results of the five varieties 
generally grown in the agenoy (vide lines 2, 3, 4, 6, and 7 of table), 
the relative average products ’are of extractive and narcotine 11*90 and 
0*90 per cent, respectively, in favour of the Kotee standard drug, whereas 
in morphine my own samples "are the richer by 0£2' per cent. I note 
this difference particularly* as my samples have been disparagingly 
treated, as relatively, deficient in total alkaloids , if narco fine was 
equally as Valuable a principle as morphine. As it is obviously how- 
ever, of high importance that „ the more copious morphine-producing 
varieties of the agencies should be satisfactorily distin uished ; from 
three to five separate < analyses should at least Be made of each sample, 
as really little stress can be laid on a single analysis. It is also of the 
first importance, that the process of analysis in each case be identical, 

otherwise the results will be most conflietive Soil conditions, manures, 

aqd waters used in irrigation, have also as we have., seen, an important 
influence on the drug product, so that to afford anything like complete 
evidence, a series of samples carefully selected", would in each case need 
to be repeated. As illustrative of this variation under slightly chnnged 
conditions, I append the results of a series of analyses of samples of 
the sufaid - danthi var (4 of the above table) by Mr. A. Pedler, Pro- 
fessor of Chemistry, Presidency College, Calcutta. The samples 
I should state were also the produce of the gardens under my charge, 
and I may add that the soils and waters of cultivation did not r greatly 
differ either physically or chemically. For the sake of comparison 
it is wortli while giving the results of the principal ash-constitueuts 
of the plants in each case conjointly with their produce of morphine 
and narcotine, thus — 



* 



Pabts of the Plant. 




L' Drug. 

rv 

• 

6 

3 

j 

Magnesia. 

Potassium 

oxide. 

Silica. 

Chlorine. 

Sulphuric 

acid. 

Carbonic 

acid. 

Phosphoric 

acid. 

Carbon. 

4 

t \ 
fj 

V 

a 

i 

es 

B ... 

23*80 

5*82 

! 27-47 

11-14 

5-60 

10*08 

9-04 

6*17 

0-88 

4*65 

! 8-56 

C‘ ... 

27-48 

5 21 

3021 

977 

6-46 

764 

7 11 

6*50 

0-82 

6*47 

13 06 

D ... 

25*00 

562 

30*44 

1036 

6*64 

5-93 

7*60 

673 

168 

8 66 

10-69 


4. It will be observed that the ash-constituents though varying 
somewhat indefinitely in the different samples, show some sort of relation 
between their basic components, lime and potash , and the quantity of 
alkaloids in the dru£. For example, B with a minimum of those salts 
2a its ash 6*42 per cent., is poorer in alkaloids than D by 6*32 per cent. 

The alkaline qualities of the drug is thus shown to be very 
superior to that c of last seas6n (vide table A above) according to 
I)r. Durant’s analyse. It should be stated, however, that Professor 
Pedler's results are from samples at a consistence ^of 100°, so that at 
a consistence of 70° as in table A, we reduce them respectively to — 


B. — Morphine 

... 3*25 1 

Narcotine 

... 5*99 


C- „ 

... 4*52 


914 


D.- 

... 6*06 

it 

... 7*41 

v. 
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INFLUENCE OF VARIETY, Ac., ON THE QUANTITY OF AN OPIUM CROP. 

We have thus far treated only of the/:elative richness of the drug 
in* the alkaline bases , — morphine and narcotine .* Let us • now briefly 
advert -to the influence of variety, &o., on the total opium produoe. 
Though the alkaline fichness of th& <Jrug * s a character of prime 
.import in the selection of samples for specific medical purposes, we have 
seen that relatively to the merely physical properties, it‘ has quite a 
secondary import in the estimation of that for the China market. Thus, 
irrespective of the alkaline qualities of the drug, the real commercial 
criteria of particular varieties are the quantity and physical excellence 
of the produce. . . First, then as to the general and special average 
returns from the agencies. In the Behar Agency the highest general 
average per beegha for the. last twelve years was in the season 1863-64, 
and amounted to 6 seers | kutcha. . . Correlatively, the outturn was also 
high that season in the Benares Agency : the general average being 
on<y 4f chittacks under that of Behar, and only since exceeded by one 
chittack on the average of the season 1865-66. During the same period 
the highest divisional average for Behar is that of Shahabad, in 1863-64, 
which was 7 seers 13£ chittacks. This was exceeded, however, in the 
Benares agency : the Benares division giving the high average return 
of 8 seers 6 4 chittacks. ' 

The minimum general average for the above ten years occurred in 
the evil-famed season of 1870-71, and was obviously due to the mould- 
blight : the produce for the Behar Agency being only 3 seefs 12i chittacks 
per beegl^^hile that of Benares was less by chittacks per beegha. 
No lower general returns than the above, have I believe, been recorded 
in the Behar Agency, though in the following season the Benares Agency 
gave a still lower return, viz. 3 seers 3£ ohittacks per beegha : this I 
bolivw is the lowest seasonal average on record. It is to be observed, 
however, that it was in no way attributable to blight, but wholly to 
unfavourable conditions of weather. The divisional returns during the 
above period also reached a very low ebb : thus we find in Behar that the 
Tir hoot -division for 1870-71 gave only 2 seers 6 chittacks per beegha, 
this being exceeded in the adjoining divisions of Motiharee and Bettiah 
by a few chittacks only. Low though the returns thus are frotn the 
Behar Agency, we have still lower ebbs in the Beiges records. Thus, 
exclusive of the miserably poor returns from Rohilkhund and Saharun* 
pore, we find the old division of Bustee yielding, an average of 1 seer 
13i chittacks only per beegha in the season 1871-72, and in Jhe preced- 
ing season 2 seers* 12£ chittaoEs. In the blight se&son, however, the 
former A gency, that of Behar, had been most*seriou%ly affected, as shown 
by the relatively. higher average returns of the preceding and succeeding 
seasons. 

For the sake of comparison, As also for subsequent reference, in 
illustration of thV periodical recurrence of the mould-blight I insert in 
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a tabular form tbe average returns per beegha for ten successive seasons 
viz. from 1862-63 to 1871-72. 


Seasons. 

. • Behar Agency. 

Benares Agency. 


•s. c. 

s. 

C. 

1862-63 

... • ... 5- 2* ' 

5 

11 

1863-64 

... 6 0| 

5 

m 

1864-65 

... , ... ... 4 8 

4 

8* 

1865-66 

... 4 Ui 

5 

12f 

1866-67 

... 6 3} * 

5 

8 

1867-68 

... 4 6f 

4 

15 . • 

1868-69 

... 4rllf 

4 

6 

1869-70 

... 5' 5* 

4 

Ilf 

1870-71 

.... .t. '... 3 12* 1 

3 

9 

1871-72 

... 4 2f 

a 

31 


•General average == 4 13 J 

•_4 

14f 


* 2. The general average of the agency returns comprises the results 

of at least some half-dozen less or more generally cultivated varieties, 
but so far as I can learn there are no records whatever of their rela- 
tive fertilities. In the experimental gardens under my charge, where 
all are grown separately, this can be pretty fairly illustrated. A 
tabular statement of these is given in the appendix, and I will thus 
confine myself here to a brief review of the uesults. Mould-blight 
affected very seriously the poppy crops in the season 1874-75, and 
nearly all the varieties gave but a very small quantity of drug. 
The most marked exception to this was afforded by the variety called 
Kutila. c Thus, while I had as much as 11* seers of drug at a consist- 
ence of 75° and on an average 10 J seers per beegha from that variety, 
the highest average of the other varieties was only 6| seer per beegha. 
This, as I have shown in the annual report for that season, was clearly 
. due to the comparative immunity of the former variety from«the mould 
infection. I on this account recommended strongly its more* extensive 
cultivation In both agencies. 

3. The last season (1875-76) as one in which the poppy was but 
slightly affected, and in no instance I believe, appreciably injured.,. by 
mould, was one specially favourable for a comparative dnatiou 'of 
the relative fertilities of the several varieties. 


Name op vaeiety. 


Teyleah 
Sufeid-dantlii 
Kala-dantbi ... 
Subza-kaJa-dairthi 
Kutila 

Chaura kutila 
Mon aria 
Darhi-danthi 
Malwah 


Italian 

Turkey 

Spanish 

French 
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On the Metapore lands the Kutila and Teyleah varieties afford 
nearly an equal maximum of 15 seers per beegha, though as regard^ 
the general average there is a falling off in the latter of about one seer 
per beegha. The Kalo-danthi and Monarea, varieties are also fairly 
productive, the Malwah very poorly scf* This I attribute to the seeds 
having been the 'produce of the 'Deegah lands, where the soil differs 
considerably from that of Meetapore. By reference to the tabular state- 
ment, *we find that the same seeds on th/Deegah lands (where it had 
been sown and raised for three successive seasons) gave a maximum of 
from 8* seers 12? chittacks, to 6 seers 9 chittacks, whereas at Meetapore 
the produce was only 3*seers 0* chittacks. This result will illustrate 
•the prejudicial effects of any marked changes # in the soil in opium 
cropping, as weather could be no factor in the result, the ’ two gardens 
being separated by a few miles only. As regards the general results 
of the I)eegah, relatively to the Meetapore lands, we find them some- 
what in favour of the latter, which I believe is mainly attributable to 
the work-people Being so much better practised in the processes of 
scarifying and collecting the drug in the latter zillah. It njay also in 
part be due to the soil being in a more highly pulverised state, the 
Meetapore garden comprising old poppy lands, whereas that at Deegah 

has been only lately broken up It is from results such as these 

that I would urge a careful regard to the physical and chemicals 
character of the soil in the interchange of poppy seed. 

The results under column A., Deegah, comprise those of that por- 
tion of the garden enclosed by the jail walls, whereas that marked B. 
comprises the results of the lands to the east and north of *the wall 
forming the old jail garden. For some years subsequent to the aban- 
donment of the jail as a penal settlement the garden lands had been 
annually let to native gardeners and cropped unremittingly until they 
were all ljut utterly exhausted. On breaking them up again, some 
three y&vrB ago, they were quite overrun with the troublesome * 
“ Mootha weed” of the natives ( Cyperus hexastachyus ). The enclosed 
lands were also in a bad state, bedded mainly with dhoob-grass 
(Cynoden d act y Ion), broken with patches and dense tufts of “ ooloo” and 
''Kami* the Jmperata cylindrica and Saccharum spontaneum. Neither 
of these were thus at all promising for experimerital opium husbandry. 
They ha\e greatly improved, however, as shown by the results of this 
season. The general average return of opium was about half a seer 
per beegha in favour of the outer lands, the maximum produce of 
the old varieties being attained by that called kalo-danthi, which gave 
13 seer 6f chittacks per beegha, and a general average of 12T seers ‘ 
6 chittacks. This was only exceeded by a small f lot of a new variety, 
Subxa Kalodanthi in the enclosed lands, which yielded 14 seers 9 chit- 
tacks per beegha. As regards the other varieties, the kutila and teyleah 
on the enclosed lands, and Jjlonarea on the outer lands, were the most 
productive, each* affording a slight excess on 12 seerS per beegha. 

4. With the exception of a few of the recently imported exotic 
varieties, the Maiwa sorts were the least productive, affording a maxi- 
mum of 8 seers 12 chittacks and a general average of about*4 seers 11 
chittacks per beqgha. The effects of acclimatization on the Maiwa 
suits, it should be observed, has however been very strongly brought out 
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this season. Thus, in a previous chapter, on the authority of the late 
©pium Agent for Behar, we learn that the Malwa poppy in the season 
of its introduction to Behar, 1871, yielded “in no case more than one 
seer, per beegha , and ’generally. only* a few chittaeks” I have continued 
its cultivation in the gardens' here, with the above results ; and as the 
capsules from my selected seed-plants are considerably larger than those 
produced by any of the Behar varieties, I do not doubt that it may 
ultimately prove welj. woraiy of the cultivator’s # attention ‘in the 

surrounding" districts Of the exotic varieties of the opium poppy 

the most productive were those from the seed grown in Italy, the 
Turkey seed crop yielding little more than half the quantity of drug, 
that from Spanish seed still less, 'and the least productive of all being* 
that of French origin, which on a par with the Malwa varieties on their 
first introduction to Behar, yielded only some f of a seer per. beegha. 
From. J;he so-to-speak gross habit and high luxuriance of the Italian, 
Turkey, and Spanish varieties of the poppy on the l^nds here, and also 
the fairly copious drug-produce for the first season, I am strongly of 
opinion that they may yet be, with advantage, largely substituted for 
the local varieties. 


CHAPTER XVII. 

STRUCTURE OF CAPSULE AS RELATED TO THE PRODUCE OF DRUG. 

The^structure of the capsule — that is, in so far as relates to the 
development of thef milk and absorbent vessels — has important relations 
to the production of drug, and requires special illustration. I first drew 
attention to this in my annual report cfor 1874, and accompanied it 
with illustrations of the relative development of both systems in 
, copious and spare drug-producing capsules. These illustrations are 
already in the hands of the officers of the department, and nfeed not be 
reproduced here. — The capsule varies much in form and size, from ovate 
to roundish or oblate, and from half an inch or so in the miniature 
form to 24 and 3 \ inches longitudinally by 2 to 24 , and even 3 iqohe s 
transversely, as in the finer local and Malwa sorts ; thus presenting 
a very large drug-yielding surface. 

2. In the wild varieties of the opium poppy the seed-vessels open 
by chinks or pores under the stigma for the discharge of £he seeds. 
This holds also in those cultivated for seed only, or ornamenfc in the 
gardens, whereas in those varieties from which the drug is regularly 
1 extracted the capsule is non-dehiscent, or completely closed to the last, 
the seeds being on'fy discharged by the natural decay of the outer 
coverings of the capsule. This non-dehiscence of those from which the 
drug is regularly extracted is obviously a result .of the process, as 
thereby increasing t ^nd prolonging the general circulation of the sap and 
enlarging the vascular system, so that the placental or seed-bearing 
walls and the pericarpRl or enclosing walls dry up simultaneously, and 
there is thus no shrinkage in the interplacental parts to effect the 
normal ddniscence. This will be readily understood by a comparative 
examination of the woody framework of a dehiscent and non-dehiscent 
capsule * - 
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3. The pericarp or enclosing wall of the seed-vessel consists of 
three distinct parts : first , the outer or epidermal, forming the skin 
technically the epiqarp ; second , tjie middle or mesocarpal zone ; and 
third, the inner or endocarpal, and; from 'our* point of view, the most 
important zone as containing the, drug-yielding and absorbent vessels. 
It consists of several layers of loose ceKular tissues interspersed with 
absorptive organs, and permeated by a fine network of drug-yielding 
vessels'. In all the more copious drug-p£oducing capsules, the milk 
system is very much more fully developed than m those which produce 
it scantily. It is a quality dependent.on structure and constitution, and 
may bo largely increased by habit or functional exercise. Let us illus- 
’ trate this.— 'The* variability in the drug-yielding, quality of individual 
plants is a phenomena familiar to all the officers of the department, to 
which this little treatise is addressed. One individual plant for example 
bears capsules which but sparingly yield drug to from one to three 
incisions, others — -though it may be of sparer habit — give origin # to 
capsules which yield drug copiously to from six to eight and even twelve 
incisions. Now, this is not, as is generally supposed, a merely casual 
phenomenon. It is, so to speak, a result of pedigree : increased functional 
exercise on the one hand giving rise to an enlarged structure, or vice versa. 
Seeds from the more copious drug-producing capsules give rise to a 
progeny after their qwn kind, even as any other improved variety of a- 
plant or highbred animal gives rise to a progeny after its kind. In fact 
the scefuty, relatively to the more copious drug-yielding poppies, are so 
from a less specialized or improved function, and this again is depen- 
dent on the enlarged development of the drug-secreting systeth. These 
relations have been hitherto singularly overlooked, and I regret to 
say that even yet, though jiow some three seasons since I first 
directed attention to them, they appear to be all but practically 
ignored byjhe officers of the department. This is to be regretted, as ^ 
there cafi be no doubt as to the great good that would result from 
their practical observance. It is not for me, to dwell on ^this point 
however ; my duties are those of an examinator only, and I fulfil 
them Ji n explaining the obse ved phenomena. 

5T To resume. — In the more copious drug-producing capsules then, 
as I have already remarked, the milk-system is relatively much more 
fully developed than in those which yield it scantily. I have given 
various sectional illustrations of these in the supplement to my annual 
report for 1873-74. I have there shown that in the more copious 
drug-producing capsules the milk-ducts are very generally from the 
500th to the 800th of an inch in diameter, whereas in the more scanty 
producers they rarely exceed the latter diameter? and consist mainly 
of a* delicate cobweb-like network of ducts varying from l,000lh tfo 
the 1,500th of an .inch in diameter. Moreover, the woody system is 
more largely developed in popr than in* copious drug-yielding capsules ; 
and this as tending to promote the earlier development and maturation 
of the seed further decreases the drug-yieldihg quality^ Obviously, then, 
the relative drug*yielding value of individual plants is dependant on 
congenital structure, or progeniijj&l habit; so that, as I have else- 
where remarked* it is not a whit more absurd to think of raising a 
race of copious drug-yielding poppy from the present mixed and 
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unseleoted crops, than to think of so rearing per gait tun copious milk- 
x yielding cows, — comparable for example with the Devon or Ayrshire 
breeds which yield from 20 to 30 quarts daily — from the unimproved 
races of this country.* . 

5. In my report of 1873-74 I have shown that t the poppy crops 
generally as at present- deteriorated* by the predominance of scanty 
drug-producing plants. I made collections of drug from 50 capsules of 
the latter varieties, and frorfy^ the same number of the more Copious 
drug-producers. I may state that in each case thd drug was taken 
from the second incision on the capsule, and in the scant — producers 
from a single capsule *only t on each plant ;* whereas in the other 
case I took it from two to three capsules on one plant.* Hhd I limited • 
the collection'to the central capsule only, or to one on each plant, the con- 
trast, would have been even more striking. To resume, — The crude 
drug from 50 capsules of the scant — producers weighed only 23 grains, 
whereaS that from the superior class was 140 grains, that is, fully as 
six to one ! From a reference to the tabular statements in my report 
showing the relative proportion of copious and scanty drug-producing 
plants in the present unselected state of the crops, we are thus 
enabled to make a comparative estimate of the produce of one beegha 
of poppy as it is, and as it should be — i.e. by selection or elimination 
,. of the scant-producing class. Now, allowing 27,225 plants per beegha 
(that is, one plant per square foot, they should really not have more 
as a rule in the generality of the lands than six or nine incites), the 
proportion of copious to scant drug-producers (as shown by my tabular 
statements), would be as 4,537 to 12,688, or very nearly one to 


three ! 

1 

2. 

Copious'drug-producers 
Scanty drug-producers . . 
Selected seed progeny . . 
Produce of Nos. 1, — 5 coi 


Number of 
pkmts per 
beegha. 

4,537 

12,688 

Crude drug in 
lbs Troy. 

Prepared drug 
in lbs Troy. 

• 

3. 

4. 

Llections 

27,225 

155 


6. 

Ditto of „ 2.-3 

ditto 


12 0 


6. 

Ditto of „ 3.-5 

ditto 


2K3-80 


7. 

Ditto of ,, 1. 

Ditto of „• 2 

. 



5« — — 

8. 

. 



40 

•9. 

Ditto of „ 3. 

... 



87-93 


Now, with reference to the above tabular statement, it is to be 
observed, with regard to the scanty drug-producing plants, tiffed average 
of three drug collections is high, whereas from the other class five is low : 
a fairCr average would have been two and seven, which would of course 
have afforded muck more striking results in our comparative examina- 
tion of their fertility. As shown in the tabular statement, the selected 
as compared with the ordinary unselected crops should stand in the 
proportion .of nine to one. I .see no reason to doubt that by the 
careful’ selection of seeds from the most copious drug-producing plants 
the above rate of prdQuce per beegha will be attained. I hold this 
simply on the eliminatability of the scanty from the .copious drug-pro- 
ducers, a result which should be effected in very fetv seasons. On the 
other hand, the selective improvement of the latter, in all analogous 
cases, will of course be the slow work of years ; but as I have elsewhere 
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remarked, I do not dbout that the most copious of our drug-producers 
now, will be as inferior to those of the future as these are to their wild ( 
progenitors 

6. Before passing from the phenomena. of drug-secretion, I think 
it desirable to repeat what I have elsewhere stated, “ that while increase 
of function in the drug-secretive system of the poppy is largely 
attributable to the inherited effect of increased ancestral action ; 
nevertheless, and in a limited extent, ^he functional excellence "of 
eaph individual !s -dependent on early and ‘active exercise. For 
example, I am of opinion that a capsule from which drug has been 
extracted in an early stage (that is, as soon as -its tissues are plump and 
' firm) and frequently repeated, say at interval^ of two days for the 
first week or so, and subsequently three days, will yield relatively more 
drug than capsules similar in so far as regards congenital structure, 
but which had attained a more mature stage when drug was first 
extracted, and the process subsequently practised at longer intervals. 
Increased function # is recuperative, as entailing extra growth or develop- 
ment of organs thus exercised. Hence, to promote fully the secretion 
of drug in the individual plant of the poppy, it is absolutely necessary 
that the function be early and frequently exercised. 

In opposition to the above views, it has been insisted that the 
best seed is the produce of those capsules which have yielded tha— 
smallest quantity of drug. Theory, analogy, and practice, are alike 

opposed to this view Thus it is to be oservbed that there is 

much analogy in the processes of secretion of drug in the opium poppy, 
and those of milk and lymph ; increased action in all cases' entailing 
an increase in the bulk and power of the secretory system. The 

domesticated cow and the goat^well illustrate this phenomenon 

“ If we compare/’ remarks Mr. Darwin, “ the size of the udders and 
their powprs^ of secretion in cows which have been long domesticated, 
and in certain goats, in which the udders nearly touch the ground, 
with the size and power of secretion of these organs .'in wild or 

half-domesticated animals, the difference is great '. We may 

attrib ute the excellence of our cows and goats partly to the continued 
selection of the best milking animals, and partly f to the inherited effects 
of the increased action, through man’s art, on the secreting glands.” 
Now, nobody will say that our highly improved cows, &c., have their 
constitution weakened by the extraction of milk, so greatly in excess 
of tha^r normally requisite for the nourishment of their offspring. 
Nevertheless, we know that by the most careful selective breeding from 
the best milkers, only the present high economical value of* those 
animals has been attained. No one would ever think of raising their 
counterparts by breeds of scanty milk-producing animals, on the ground 
that as these have, not been weakened by the abnormal extraction 
of milk, they will give rise ,to a more healthv and vigorous progeny 
of copious milk-producers. Such however, are the principles with which 
our views have been confronted in the case of tho^oppy, though alike 
disproved by theory and analogy. Moreover my own practice has 
clearly shown that the drug-yielding quality of the poppy i& increased 
and confirmed, by .selection of seeds from the most oopioudy productive 
capsules. 
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CHARTED XVIII. 


MODES OF INCREASING AND PROLONGING THE DRUG-YIELDING QUALITY. 

The modes of increasing or ' developing the ^drug-yielding quality 
of the poppy have been already cursorily treated, but as they are of great 
importance in opium husbandry they deserve to be separately treated. 
This we will now do.— The nature of the soil, as we have seen, affects 
the quantity of the drug and, in a marked way, its physical characters. 
With those above objects in view I instituted last season many 
experiments with various saline and organic manures, both in the way 
of applications to the soil, and to the plant directly, as a top-dressing. 
A careful analyses of these will show in how far I may have succeeded 
if at all, in altering the proportion or increasing the alkaline character 
of the drug ; but in the meantime, a* will be seen from the subjoined 
tabular statement, we have distinot evidence of increase in quantity. 
(The tabular statement is given in the appendix , — vide Table E.) First for 
the manurial application to the soil. — It will be observed on reference 
to the tabular statement that the manured plots, though not greatly 
exceeding, and in one case, indeed, falling below the untreated plot in 
the weight of capsules and seed, nevertheless exceeded the latter con- 
siderably in the produce of opium. The most productive as regards 
opium was that treated with an excess o£ bone superphosphate and pure 
potash-nitrate^ Each of the manured plots, however, produced consi- 
derably more drug than the unmanured. It is also to be observed that 
the plot yielding the largest quantity of opium (15 seers 2 S ehittacks) 
exceeds the "others in the total of seeds and capsules, though the largest 
quantity of seeds , is the produce of the plot treated with mineral 
matters only. The average of the three manured plots in V 

13 seers 6f chittacks-k-that is 4 seers 13f chittacks in excess of the 
unmanured. 

Again, in section 2 of table, the returns from manured and unma- 
nured crops of the variety called Monarea , are shown. The dmarence is 
striking. The land selected for this experiment was uniformly poor, 
having the preceding season yielded only 4 seers 4 chittacks per 
beegha, the variety cultivated being the Sufaid-danthi — one apparently 
much better suited to a poor soil than the Monarea y var. The whole 
land was cropped during the rains with soni ( Crotolarea juncea ), all of 
which was put and buried in a green state in that portion of the land 
to be treated with •other manures. These were applied in kind and 

Q uantity as given ifi.the table, prior to the sowing of the seed in 
October. Nothing in the first instance was applied to thp other plot, but 
subsequently the young crop continued so poor and sickly that on two 
occasions I gave it a top-dressing with nonimattee alone, and on a third 
with a mixture of that and lime. These applications much recrujted 
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the plant. Though on both plots the plants were very uniformly 
distributed, it will be seen by a comparison of the total returns of 
seed and capsules that those on the unmanured plot must have 
been very poor. The variety grown a is jiaturally of a vigorous 
and robust habit, and more than any other would known to me 
requires a rich or well manured soil. . In a poor soil it degenerates 
rapidly, and with its low, simple, almost branchless stalks and small 
ovate Or elliptic capsules, be recognize^ as the same variety with 
thkt grown on & well manured soil, where it attains.a height of 
from four to five feet; the stalks stout and branchy; foliage large 
and of a deep glaucous green ; the capsules large, and of a roundish- 
• oblate form. An idea of the* size of the capsule yi the healthy plant 
may be found by comparing the weights of capsules and’ seeds in my 
tabular statements, the former being considerably in excess of the 
latter, whereas in the poor soil the case is reversed ; the seeds then 
exceeding the weight of capsules in the proportion of about three to 
four. Again, as regards opium, we find the manured plot yields §4 
seers per beegha more, than the unmanured plot, or about 84 to 1 ! 
The difference in the results of cropping in rich and poor lands is thus 
very much greater with this variety than the preceding. 

2. We will now pass on to the effects of manurial top-dress- 
ings on an opium crop as illustrated in the appendix, — vide Table.% 
C and D. We have first the untreated plants, in which with an equal 
weighted seeds and capsules there is a falling off in opium, as compared 
with the manured crop, of 4 seers 5 chittacks, per beegha. The most 
productive of the manured set is that treated with shorah and ntmmattee , 
which affords in opium the high return of about ’21 J seers, the weight of 
seeds to capsules being as 500 Jbo 453. This corresponds also with the 
highest grade of fertility in seeds, viz. 6 maunds 25 seers per beegha. 
The plot £ of table, is the next most highly productive* in .seeds and 
capsules,#and the result of a top-dressing with bicarbonate of lime 
and shorah. The return in seeds was 6 maunds 11 seers,, and opium 
16 seers 10 chittacks per beegha. The effects of bicarbonate of lime 
alone are shown in the fourth of the tabulated experiments. They are 
Veil marked, the return in opium being close ?n 20 seers per beegha 
and in seeds 54 maunds. It should be observed *that the appearance 
of the plants treated with bicarbonate of lime were early and to the 
last distinguished from those treated with shorah , the other lime and 
iron salfty by their pale green foliage, and somewhat sparer habit. 
Especially striking was the contrast as compared with those treated 
with shorah and nonimattee : the latter being distinguished by* thefr 
gross habit and full foliage of a deep glaucous green* As regards opium, 
the least productive is that set treated with iron sulphate and the salts 
of lime and potash , the results of which are given under series 7 of table, 
i need not particularise the others It is clearly^ shown by the tabu- 

lated results of the manurial top-dressed series, as dohapared with those 
untreated, that the ppium and seed-produce geneAlly had been thereby 
greatly increased! This is especially the case with the opium , and in 
one single instance only (that in which ammoniac sulphate o£iron with 
lime, soda, and ^potash salts were used) was the seed produce lower 
then that of the untreated set. Under this head I will only further 

p 
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add that the above- noted manurial dressings were applied as the 
flower buds generally began to make their appearance, and about three 
weeks prior to the first extraction of drug from the most advanced 
plants. • 

3. The prolongation of the drug-yielding period of the poppy is 

another interesting and important branch of opium husbandry. 
Unfortunately, I can illustrate this subject but very crudely and 
cursorily, as being limits to a few experiments and personal 
observation^ • ' * 

4. We will first notice the general effects of irrigation at and sub- 
sequent to, the expansion of the flower. This should be particularly 
attended to as the assamees by nq means appreciate its beneficial effects. 
They will irrigate as the plant comes into flower, only if the soil is 
absolutely dry, but ,their system generally is to defier it then if 
possible, until a day or so* before they begin to extract drug, and then 
very generally withhold it until the capsules have ceased to yield drug, 
when they strangely enough, liberally irrigate the plants to perfect, as 
they say, f the maturation of the seed. This labour might well be 
spared, as the plants, after ceasing to yield- drug, have always more 
than a sufficiency of sap for all -subsequent requirements. On the 
other hand, a liberal application of water as the flowers begin to 

_ unfold, and indeed to that period when the capsules are sufficiently 
developed for the extraction of drug, is of the first importance, as 
tending to suppress the reproductive functions and increase and 
prolong those of a purely vegetative character. In short, plants in a 
dry soil during their floral period will much more rapidly mature their 
seeds than will those in the opposite condition. Now, as drug-secretion 
is a purely vegetative function, it is obviously of the first importance to 
retard the ultimate reproductive function if we would increase or 
prolong th^ former. On these grounds, then, I would strongly recom- 

* mend, that throughout at least the flowering period of our poppy crops, 
irrigation should be specially attended to, and the soil always kept 
in a more * than usually* moist state. The assamee practice, of with- 
holding water while the plant is in flower, and applying it when the 
capsule is plump and ipm, does not at all meet the requirements ; 
drought in the preceding or floral period tending greatly to the 
early maturation of the whole plant. 

5. I will now draw attention to two other modes of prolonging the 
drug-yielding period. I must premise, however, that they have rather 
a theoretical than practical interest, and indeed it is only from tho 
former point of view that I notice them here. I have inadvertently 
said two modes, I ^should have said degrees of the same process : 
they aie the effects of a more or less complete and an abortive ferti- 
lization. Well, as I have already observed, the collection of the 
petals (which are required for .the formation of shells to cover the 
China opium), promotes and perfects the fertilization of the capsule, 
and consequently itf .increasing the quantity of seeds, tends to the 
early maturation of the plant. In other words, it. would appear 
that under similar conditions of humidity, &e., ‘the less perfectly 
fertilised poppy will longer maintain *its vegetative fiynations than that 
in which the function has been perfected. I should thus anticipate 
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that a plot of poppy, which has not had the petals collected in the 
usual away will yield opium longer and probably in larger quantify ' 
than another from which they have, been collected I have but a single 
illustration of this, and that of a • fconfir mative nature. Here it 
is. — One beegha'of land under similar treatment and of the same 
variety of poppy was set apart, half of which had the petals duly 
collected in the usual way, the other was left untouched, the petals 
falling off as th«y . naturally matured/ The results were that the 
plot from which the petals had been collected yielded of opium 7 seers 
4 chittacks per beegha,*while the other hal£ from which the petals 
, had been allowed to drop off naturally, 'yielded 8 seers 9 chittacks per 
beegha — that is, 1 seer 5 chittacks in excess of fhe former Again, as 
regards the relative proportion of seeds and capsules from the two plots, 
we have'tlie following results * 

Plants with petals collected, of seeds in weight, as 500; to capsules 2^.4 
Ditto ditto uncollected, „ „ „ 500 ; „ 355 

(b.) Absolutely I should state that there was an excess in the total 
weight of capsules and seeds produced by the collected petal plants, 
but it will be seen that as regards’ the relative proportions (which is 
of paramount import from our point of view) of seeds and capsules, 
there was an excess* of capsules (those parts which are really ths*~ 
drug reservoirs), produced by those from which the petals had not 
been collected, and this doubtless from their less perfect fertilization. 

It is also to be observed that in the present instance the latter plants 
(i.e. those from which the petals had not been ‘collected) yielded 
drug for fully one week later than the other. The differences might 
have been greater but for the prevalence of light westerly winds 
and breezes during the flowering period, which of course promoted 
fertilization generally. 

G. AYe have now to treat of abortive fertilization. This, as 

related to the yield of drug, is a curious and interesting topic. It is 
worthy of remark that an analagous result to that which I am 
about to notice has been observed in the function of lactation 
in the cow, “ Connected with the interesting .object of obtaining 
a continued supply of milk from the cow,” observes Seller and 
Stephens, “ there is a very singular belief that has not yet obtained an 
attentiojtecommensurate with its importance. If the functions of the 
organs concerned in lactation have once been called into full activity 
by the act of breeding in the cow, it would appear that the fuyctiqy 
of the ovaries may be put an end to, and yet that those of lactation 
may continue on uninterrupted vigour for years. This is the theoretical 
foundation of a proposal to remove the ovaries from (that is to say) 
a young cow after its first calf, subsequently to which proceeding it is 
said to afford milh uninterruptedly for fnany years.” ^(Physiology at the 
Farm, page 559.) This might, I think, with advantage be largely 
practised in India with cows, buffaloes, and goats^from whioh milk 
rather than progeny are required.. .. .To obtain an analogous effect, 
that is, the abortion of the seed in the poppy, I in my first experiments 
cut off the stigm&tic rays as soon as the flowers began to expand. This 
practice, however, entailed a considerable loss of milky-juioe, and I 
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discontinued it, though capsules even thus maltreated yielded quite as 
• ftiany copious drug-incisions as those treated in the ordinary way. 
To effect the abortipn of the ovules* without any mechanical injury to 
the stigmas, 1 coated them wifcfy glycerine, prior to and as the flower 
began to expand. In this, however; I altogether failed in effecting 
the above purpose, as the capsules thus treated “ultimately proved as 
highly fertile ( i.e . produced ^uite as muoh seed), as those naturally 
fertilized. The pollem-grains' would thus appear to perform their func- 
tion quite as effectively on the glycerine-coated stigma as when wholly 
untreated. The failure, of this* experiment disappointed me much, 
especially as I discovered it 'late in the season, when I bad but little 
time for further experimentation. * I subsequently tried bland oils of 
various sorts ; these I found injured and disoolored the stigmatic rays. 
Latterly, I effected i fly purpose with a mixture of fine fcaladr oil and 
glycerine. The capsules thus treated as the flowers began to unfold 
producing no perfect seed, though the capsules in erery case attained 
their normal size. It was unfortunately very late in the season ere I 
made this ’experiment, and I will not tabulate, fhe results, as they were 
on much too limited a scale to afford really crucial evidence. In the 
meantime, however, and so far as they go, the results I may add were 
satisfactory. They show that though the seed may be thoroughly 
Aborted, the capsules will nevertheless attain their normal size, while 
the plants do longer retain their vegetative vigour, and yield as judged 
by this necessarily limited experiment, more drug than the normally 
fertilised plants. I cannot further illustrate this curious subject now, 
but I shall do so next season, should I again have the facilities afforded 
me in that past. 


CHAPTER XIX. 


THE DRUG: ITS PREPARATION, IMPURITIES, AND ADULTERATIONS. 

Dry seasons, as I have already remarked, are those in which we_ 
have the largest and # bdst returns of opium, though, as we have seen, 
there is a want of positive evidence as to the composition of the 
drug being thereby materially affected. It should be observed, 
however, that in dry seasons the drug, as a rule, is eminently tree from 
pussewah, and from a remark by Dr. Durant, who writes me, ^ I have 
j^st qpmpleted an analysis of samples from all the different distric£s 
and kotees belonging to this agency, to obtain the standards, and find 
tjie results throughout better than they were five years ago, when the 
last standards were taken. The increase has been markedly in morphia, 
the average of this salt being now for all the districts in this agency 
3*17 per cent., whejeas it was only 2 69 pevcent . before.? In these results 
an absolute and permanent increase in the alkaloids is tacitly assumed 
to have occurred /luring the past five years. I am afraid the results 
are casual, or as I should rather say, contingent wholly on weather and 
season. Thus the. past season ha# been throughout eminently dry 
and hot, and the opium is of high quality and *rfch in alkaloids. 
Five years ago the opium season (that of the evil-famed blight) was 
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wet ; the drug was scant, of low quality, and, as it appeared, relatively 
poor in alkaloids. These, then, being the general characteristics of 
the two seasons in which the standards were taken there is plainly 
but a very slim basis for the assifmptioii that the poppy is perma- 
nently improved as an. alkaloid yielder. On the other hand, I am 
disposed to attribute the difference in* the results wholly to seasonal 
peculiarities— a dry season being more favqjirable to the production of 
thp alkaloids than^a wet season — and that#we mayihus have indications 
of the.direct influence of weather in altering the quantity and proportion 
of alkaloids in the drug* We will now briefly, notice the general com- 
position of tjie drug. 

Pure opium* is entirely * destructible by heaf, leaving no residue, 
though even the purest of the commercial and officinal drug always 
gives a certain percentage of ash. Indeed, in the processes of extract- 
ing and collecting the drug, the introduction of certain extfaneous 
matters is almost .unavoidable. Atmospheric dust, for example, 
adheres to and gets mixed up with the exuding drug, while in scraping 
it from the capsule, parts of the rind and its powdery* coatings, 
are introduced along with traces of iron by the abrasion of the drug- 
collecting scoop. Opium, as secreted by the poppy, consists exclusively 
of two series of organic constituents, of which the principal are 
the Nitrogenous or A&otised compounds, as morphine , narcotine, codeine p 
thebaine a papaverine, narceine; the others or Unazctised , are chiefly 
Carbo-hydrates , as meconine , meconic acid , fatty , resinous , gummy , and 
mucilaginous matters. I regret that I have no exhaustive analysis of 
the Indian drug to afford a comparison with that of Smyrna, of which 
the following is the mean of five analyses by Mulder, and quoted by 
the late Professor Johnston : — • 


Morphine 


... 6-3 

Kesin ... » ... 

27 

Narcottne* 


... 77 

Gummy extractive 

25-3 

Codeii& 


... 07 

Gum 

17 

Narceine 


... 9*0 

Mucilage ... >.. 

187 

Meconine 


... 0-6 

Water and'loss ... 

14*6 

Meconic acid 


... 6*1 


■ 

Fat 


... 2*2 

Total 

1000 

Caoutchouc 


... 45 

9 


Besides the above substances, 

five others, viz. thebaine , 

opeanine , 


pseudo-morphine , porphyroxine , and papaverine are found in opium 
in sm alj^proportions. All these have been discovered since the period 
of Mulder’s analyses. — Chemistry of Common Life . The above analyses, 
I believe, are of opium at a consistence of 100°, reduced to 70° ; ajyJ 
assuming that in the ordinary analyses of the Indian drug the Morphine 
is m^xed with codeine , meconine , and meconic acia the Narcotine with 
narceine , the results as compared with the Indian drug of the same 
consistence are shown in the following tabular statement : — 

\ « i • , 

Smyrna opium* tudian opium. 

Morphine ... ... * 9 59.W "*2*83 

Narcpijne* ... ... 11*69 4‘65 

The relative proportion of the alkaloid in the Smyrna and Indian 
drug is thus in morphine as 1 to 3*^8, and in : narcotine as 1 to 2*51. It 
will be observed, however, that the narcotine in both samples is in 
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excess of the morphine. The converse of this is very generally believed 
to obtain in the Srdyrna drug — i.e. morphine in excess of narcotine. 
The relative paucity oi gummy extractive in the Smyrna drug is very 
striking, being nearly as 1 to *2. 

The composition of the milky*- juice of the peppy, according to 
Biltz, Mulder, and Schindler teas follows : — • 

• Morphine ... * ... from 2*84 to 20*00 percent.* 

Narcotine * ... „ 1*30' „ 33 00 „ 

Caoutchouc ... ... „ 2 00 „ 6*01 „ . • • 

• « 

2. The treatment of the* drug after its collection from the capsule 
differs less ox more in.the different countries in which* it is produced.*. 
In Asia Minor it is kept in an earthen pot, and then after undergoing a 
certain degree of inspissation it is taken out and worked -up with 
saliva . This process is said to be frequently repeated. In Malwa the 
pi^ictice is, after a few days’ inspissation of the drug in shallow earthen 
pots, to work it up with the hands, form it into a ball, and immerse 
it in poppy or linseed oil in closed vessels. In this state it is sold by 
the assamees to the bunneahs, who, prior to taking it to market, suspend 
it in strong cotton bags so as to strain off all the free oil. It is 
then taken and thoroughly worked up with the hands for hours, so as 

^io bring all to a uniform colour and consistence*. By action of the 
above processes the drug is thus considerably sophisticated^. This 
cannot be said of the practice in the Government agencies when 
carried out in its integrity. Thus, immediately after collection the 
drug is spread ovef the sides of unglazed earthen pans so as to drain 
off all free moisture and pussewah. As soon as it acquires a consis- 
tence of 70° or even lower, it is worked «*up with the hands, formed into 
a ball, and placed in another clean earthenware vessel, and put aside 
in a cool, moist, and dark part of the house. In this state it is made 
over by the assamees to the departmental officers. The ffrocess of 
preparation* under the .Government agency is thus simple, clean, and 
unsophisticative ; affording a drug of great purity. — I would here 
remark, however, that I am now strongly of opinion that the primary . 
preparation of the drug in unglazed and highly porous earthen pots 
tends to deteriorate it as a purely officinal product; inasmuch as 
entailing, as I now believe, a less or more considerable loss in extrac- 
tive matters and alkaloids. Indeed, I would thus laruely^ explain 
certain hitherto perplexing results in the comparative analyses of opiujn 
from c the gardens under my charge and the ordinary produce of the 
Behar Agency. Thus, every sample of my opium has shown relatively 
to that of the agefifey a less or more marked deficiency in extractive 
matters and total alkaloids. As regards extractive matter, the deficiency 
in some samples being no less than. 17 and 18 per cent., and in the 
majority from 6 to JLO per cent. • • / 

3. — I w£& much struck with these results, considering, as I then 
did, that my mojj^ ()I preparation of the drug did not in any respect 
differ from that practised by the assamees. In this, Tfowever, I have 
only ver/ lately and casually ascertained, my mistake : the processes 
differ importantly ; i.e., in the degree of impissatiofvofier a large surface 
of porous earthenware. The native plan, as indicated above, is to 
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store it in bulk, and only allow all actually free moisture to drain off 
before working it up in any way, but to avoid exposing at any time a 
large surface of the drug either to.the surface of the earthen pot or to 
the atmosphere. I, on the contrary, ^spread my drug out over the interior 
of the earthen sajicers, and thus, allowed it to remain until it had 
attained a general consistence of from 75° to 80°. In this I am 
now convinced I greatly erred: the process entailing an excessive 
loss of* extractive matter, and affording a£*I thinjs: the true explana- 
tion of the gre£t 'relative deficiency of my * drug in* extractive 
mairers: Those porous # earthen ware pans, with high absorptive powers 
must necessarily have 'carried off much extractive matter, and to a 
•smaller, but ' none the less appreciable extent, alkaloids r along with 
the natural* moisture of the drug. Now, it is plain that in the 
process of evaporation from the outer surface of the earthen dishes 
those, solid matters would be either chemically or mechanically 
retained in their clayey filter. The assamee practice, on the oth§r 
hand, greatly reduces evaporation from the drug generally, and in 
exposing but a small surface to the earthen pot, promotes atmospheric 
evaporation, in which the loss is simply in moisture, the extractive 
matters and alkaloids being wholly ^retained. It is thus, as I believe, 
largely if not solely due to the above-noted differences in the preparation 
of the drug that, the samples prepared under my direction as com-^' 
pared with those of the assamees, prove relatively so very poor in 
extractive matters. The use, however, of porous earthen pots by the 
assamees must necessarily entail a certain degree of loss in extractive 
matters and alkaloids, which could be easily obviated by tEe use of 
glazed earthenware. It would only incur some little more care in the 
manipulation* of the drug to ^rain it, of superfluous moisture and 
pussewah. I certainly do purpose next season preparing the whole of 
the drug ip. tjie gardens under my charge in well glazed earthen pans, 
fully confident that I shall thus produce drug no way deficient in the 
above matters. , • , 

4. — “ After collection,” remarks Pereira, — “ the masses of tears are 
either worked up into a homogeneous mass in a mortar or otherwise, as 
in Egypt and India, or the separate portions are merely put together, as 
in Asia Minor or Persia. In the latter case, opium* when examined by 
means of a magnifying -glass is seen to be composed of agglutinated tears, 
and may be termed granular opium ; in the former the opium appears 
perfectly Ihomogeneous, and is called homogeneous opium.” The chffer- 
eifces, as above pointed out by Pereira, are largely dependant in o the 
first instance on the minuteness of the network of milk-vessels in tEe* 
capsules, and secondly, the degree of atmospheric humidity. Thus, when 
the network of milk -vessels is very minute, and the atmosphere at all J 
humid, the oozings from each vessel at once unite, and a thin film 
unites all, thus affording a cord of homogeneous opium. On* the*. other 
hand, in a dry atmosphere, and especially when the vessfelgjtre sufficiently 
disconnected (as they frequently are), to exhibit ifS^e first instance 
distinct drops, the* jultimate amalgamation of these is much less perfect 
and we have then a'drug of a less or more distinctly granular character. 
The texture of the drug, as defined by Pereira, is thus largely dependant 
on the degree of atmospheric humidity, obtaining when the capsule is 
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being scarified. The ultimate manipulation does not materially affect 
it, if not subjected to any form of sophistication. The use of oil and 
saliva affects the aroma of the drqg, the former.especially so, while 
also giving it a waxy colour and texture ; whereas the latter tends to 
lighten its colour, and in this respect improve its . appearance. As 
disguising certain adulterativo matters, saliva , as I will subsequently 
show, is an excellent adjunct in the sophistication of the drug. 

5 The natural, and adventitious impurities of the drug now call for 
a brief notice. The latter fortunately are never in sufficient excess to 
cause any seriouB or appreciable deterioration, of the drug, in so far 
as regards its physical characters, but this much cannot be said as to the 
former class, which are the direct results ‘of certain atmospheric condi- 
tions on the milk-juice. The most serious depreciating product is that 
familiarly and not inaptly termed pussewah— from the Urdu term 
pussing , purification — i.e. opium sweating s> if I may be allowed a literal 
translation. This we will first notice. — Pussewah , as naturally filtered 
from the drug, much resembles liquid tar, or the partially inspissated 
sap exudings from the stem of the 4 TaV (Borussus fiabelliformis) . It is 
facilely soluble in water, the infusion affording a distinct acid reaction 
on litmus. Dr. Sheppard, Principal Assistant Opium Agent of Benares, 
very kindly made an analysis of two samples of pussewah, and also 
*ngave me the results of analyses by Drs. O’Shaughnessy and Eatwell, 
while Examiners of Opium in the Patna and Benares Agencies. They 
are as follows : — 


, Analyses of Pussewah. 



Consistence. 

Extractive 

matter. 

(1) 

' ... 64*0 

500 

(2) 

... 85*5 


(3) 

... 8475 

5513 

(4) 

... 7875 

4878 


, Morphia. Narcotino. 

0*5 1'25 ... O’Sliauglmessy. 

212 3-38 ... Eatwell. 

1*47 0'9 ... Sheppard. 

184 1*87 ... Sheppard. 


(a.) The first of the above analyses is by Dr. O’Shaughnessy, the 
second by Dr Eatwell, and the third and fourth by Dr. Sheppard. 
Besides the above (te. morphia, narcotine, and extractive matter), pus- 
sewah contains meconic acid, resin, and gum mucilaginous matters. The 
latter probably in higher proportion than pure opium, as Dr. Eatwell 
observes that “ when opium contains much pussewah, the marc is dimi- 
nished in bulk, loses to a certain extent its loose, granular texture, 
*b£coines more compact and viscid, and assumes a dark brownish- 
yellow colour.” good opium it varies from dull yellow to clear 
gamboge. As compared with opium, pussewah, judging from the above 
analyses is poor in morphia and narcotine, and though presenting a 
few degrees excess in extractive.matter according to Dr O’Shaughnessy, 
the later results f of Dr. Sheppard’s analyses really show that the 
standard provTsiop^irug is* the richer of the two in extractive. 

(i b .) In tEe absence of anything like an exhaustive analysis of 
pussewah, we can but crudely guess as to its true' nature and origin. 
Humidity of the soil or atmosphere'are the conditions favourable to its 
production, and this is doubtless correlated with some peouliar chemical 
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condition of the milk-sap. For example, an excess of carbonic acid, or 
carburetted hydrogen, and ammonia or nitric acifl. Segregatedas.it ■ 
always is when respiration is low, -it is probably directly caused by the 
accumulation of watery fluid in ah* un<Jde proportion in the milk-sap. 
The results in this respect are very similar to what obtains in the milk 
and blood of animals (though in neither, as in the above, has any 
peculiar segregation been observed), in whyjh it has been observed th$t 
water in undue proportion accumulates from diminished perspiration in 
a sold or damp atmosphere, as also by drinking it in excess and by 
refraining from accustomed exercise. • 

(c ) The adventitious matters with Vhich the drug is, practically 
speaking, unavoidably contaminated, tore atmospheric matters, the outer 
coatings of the capsule, and the abradings of the drug-collecting scoop. 
These matters are generally present in the best commercial drug to the 
extent of from 2 to 4 per cent., and indeed, considering the frequently 
prevailing strong westerly winds and the dust-laden atmosphere during 
the collecting period of the Indian drug, the wonder is that it is not 
much more largely contaminated. As regards capsule impurities, those 
varieties of the poppy called by the assamees subza or green-headed of 
course afford the purest drug. The glaucous or white-headed — as due 
to a coating of fine powdery matter which is unavoidably collected 
with the drug — giving it of less purity. Pollen-grains of the popp/~ 
itself and other plants are always present less or more, as are 
also parts of the stamens which frequently adhere to the capsule. If 
a little care, however, be observed by the collector, the latter matters 
may be easily avoided. I will here but notice, one* other of the all 
but unavoidable adventitious matters found in the drug. This is 
iron. The presence of this metal in the drug is of course due to the 
wearing of the implements (the nushtar and setwah) used in scarify- 
ing the -capsule and collecting the drug. The hard, silica-coated 
capsules fn the course of a single season cause a very perceptible, 
and indeed frequently striking abrasion on the cellecting-scoop or setwah. 
Obviously, then, such impurities as the above are really practically 
unavoidable, but fortunately they never occur to such an extent as to 
cause any appreciable deterioration of the drug. ' . 

(3. We will now pass on to adulterations properly so-called. These 
are an extensive class, and I regret that I can but imperfectly illustrate 
them. JMany of the ordinarily recorded adulterative matters are 
extremely clumsy and readily deteotible by a merely mechanical 
examination of the drug, while others of them again, though tfoublesozp£_» 
to detect, are so extremely light, that I do not at all see how they can 
in any way recommend themselves to the adulterator. The abovp 
.classes I will first notice. These are gravel, chips of pottery, sand, clay, 
cowdung, partially pounded or entire seeds of the poppy, and the like. 

A mechanical analysis wil> readily betray all sqch matters. For 
this purpose the only requisites in addition to those alreswiy supplied to 
the officers of the department for the examina®^pf the drug, are 
two sieves of brass-wire gauze , with meshes of one-fortieth and one-fiftieth 
of an inch respectively i in the side the square. The first will retain 
all the more bulky of thS above, the second the finer grained, while 
the finest particles will pass in the solution, subside more or less 
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quickly, and form a residuum for examination. Each of the three 
residua are thus of e&sy examination with a microscope or magnifying 
lens. This would be found a more satisfactory process than that 
ordinarily adopted of filtering *vith ’Nepal paper, where all such matters 
get mixed together with gum, resin, &o., and are troublesome to 
examine. The process I reo6mmend is simply this: prepare with 
boiling-water a solution of the suspected drug. Place the fine-meshed 
sieve on a common, porcelain basin, with the coarser mpshed sieve* resting 
on the former ; then see that the drug has been thoroughly broken, up 
and all matters in solution or suspension ; pourthen the liquid into the 
upper sieve, allow the matter to strain a little from both sieves and remove 
for examination. This completed, the solution may next be decanted 
from the porcelain basin, and the residue examined under the micros- 
cope. It may consist of fine sand and mud, the bulkier matters 
being ^retained on the sieves. The pounded parts of the poppy and 
other plants will also be largely revealed amongst the matters retained 
by the sieves, unless they have been previously fermented or thoroughly 
macerated, when chemical reagents are alone of avail. With the 
exception of the latter matters, all the others above noticed are plainly 
very clumsy modes of adulteration,’ and, as I am inclined to think, 
when present are more likely to have been accidentally than intentionally 
introduced. 

(a.) Much the same may be Baid of such light matters as pieces of 
paper, cotton, and other fibres ; soot, charcoal, and burnt opium. Plainly, 
to give < any appreciable return to the adulterator, these matters 
would need to be introduced in too large quantities for all but the 
veriest fool to use them, and in my opinion may be safely passed 
over as accidental adulterative matters. Anyhow, when present, all 
would be more or less perfectly revealed in the above filtering 
process. 

(b.) Before proceeding further on the subject of adulterations, it 
may be as well to notice a few of the chemical characteristics of the pure 
drug. The odour, texture, colour, and fracture, are characters which 
readily betray the sophisticated drug to a practical examiner, though on 
these characters only,, unless the adulteration be of a very gross nature, 
the drug should not be condemned without a chemical examination : 
carelessly prepared drug of low consistence having not unfrequently all 
the appearance of an adulterated article, though proving quite free of 
such when subjected to chemical tests. In Farre’s Abridgement of 
Ssreira’s “ Materia Medica,” opium is thus characterized : — “ When fresh 
plastic, tearing wjth an irregular, slightly moist, chestnut-brown 
surface ; shining when rubbed smooth with the finger ; having a most 
peculiar odour and nauseous bitter taste.” The watery infusion of 
opium acquires a deep red colour when treated with perchloride of iron, 
while nitric acid communicates a* pale, almost carmine, red, though some- 
what disguisedr if ppssewah.is present in any quantity, the infusion then 
acquiring a less stfmore distinct tinge of brown according to the degree 
of admixture. We will now pass on to the drug in its adulterated state. 

First, for the farinaceous adulterations, comprising starch , sago, 
tapioca , cassava , arrowroot , salep, and dextrine, all of which are more or 
less used in the sophistication of the drug Though 
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the majority of the starch series are easily detected when mixed with 
opium in the normal state, they are, perhaps, more largely used by 
the adulterator than any other . vegetable matters. Moreover they 
are of a most objectionable nature, as inducing fermentation, and 
thus rendering the drug perfectly worthless. Starch admixtures, how- 
ever, are' patent to the practised examiner by the fracture of the drug, 
which, relatively to that of a pure sample, is smooth and stringy , and 
but slightly, if all, granular. Again, oy placing a small portion 
of ’the, suspected drug between a pair of microscopic slides, dnd rubbing 
them firmly together, the presence of starch is readily observed on 
placing one of the slides under the microscope. Many other adul- 
terative matters * are also readily detected by the microscope — gum 
and fatty matters, for example — by their different refractive powers. 
In the starch examination the usual mode, as-described by Dr. Eatwell, 
is to weigh out one ounce of the suspected drug, place it in a jsopper 
saucepan, add three fluid ounces of distilled or rain-water, transfer to 
the stove, stirring constantly until the whole of the drug is broken up 
and the mixture boiling. * It must be allowed to boil for five or six 
minutes. The decoction is then filtered, and, when cool, treated with 
tincture of iodine. From pure opium the precipitate will be of a light 
orange or orange-yellow colour, but should it form a green or blue 
compound, the presence of starch is indicated ; the former colour being* 
indicative of a weak adulteration, the latter of a stronger one. 

The starch examinations might, as I think, be greatly facilitated 
by treating the watery solution with dilute sulphuric acid, m instead 
of the comparatively tedious process of boiling the drug. By this 
means examinations could also be completed under the eye of the Sub- 
Deputy, and this is of great importance. Aside from the greater facility 
of the sulphuric acid and iodine test , the danger of neutralising the 
iodine test- by the over-boiling of the decoction is obviated. Of course, 
in introducing the other mode of examination to sub-divisional practice, 
the degree of dilution of the sulphuric acid must in all cases be care- 
fully tested by the Principal Assistant, otherwise the test might be 
much more effectively frustrated than is at all likely to be in the 
preparation of the decoction : sulphuric acid, as alsp solution of potash, 
as is well known, readily resolving starch into dextrine and sugar, and 
thus altogether disguising their normal re- action. This, however, can 
readily be obviated by the testing of the acid, as suggested by the 
Principal Assistant, before distributing it for district use. 

* We have seen that the iodine test altogether fails when starch is £uh~ 
j acted to a degree of heat sufficient to change it into dextrine. Let us then 
treat of the examination of opium thus adulterated. Commenting on the. 
farinaceous class of adulterations, Dr. Corbett observes “ that even by 
the co mm on boiling which such roots undergo in the hands of an ignorant 
cultivator previous to mixing •them up*in his opium, the ibdine test 
may, in nine cases out of ten , be frustrated by the sttfselwbeing thus 
changed into dextrine.” Under such ciroumstances^Qr. Sheppard, of 
the Benares Agency, continues :— u That the microscope is our only safe- 
guard. When skilfully used, ite results* taken with a mark ed diminu- 
tion of the relative amount of alkaloid, are reliaUe/ , ~WhatJ then, it 
may be asked, is the nature or chemical constitution of dextrine P Now 
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starch, as we have seen, is not chemically an individual substance, 
but consists of two £ independent substanoes (isomeric) , one of which, 
granulose , is soluble in saliva, is tinted* by iodine, and is dissolved by 
weak solutions of chyomio acid.j^ and the other, cellulose, is not affected by 
saliva or iodine, and is soluble in solution of cuprate, of ammonia, but 
not in chromic acid solution. • These two elements of starch ‘exist in 

definite layers in the grain v Dextrine is composed of 

carbon, with hydrogen and oxygen in the same proportion as water. Its 
chemical composition is exactly that of starch, the clifferenoe between 
them consisting entirely in the grouping of their molecules.* It is 
derived from starch by heating it to 400° Fareriheit — that is, by convert- 
ing starch into British gum, a well-known substance which ig found to be 
identical with dextrine . Again, starch is insoluble in cold water, form- 
ing a pasty compound when boiled, whereas dextrine softens like gum in 
cold vjjLter. From the latter it is again readily distinguished by its 
conversion into sugar when treated with sulphuric a$id, whereas gum is 
not thus convertible. Again, admixtures of gum and dextrine are 
readily distinguished by treatment with potash and sulphate of copper ; 
the latter admixtures giving a. blue re-action, and a precipitate of 
sub-oxide of copper on boiling the solution, while gum yields no such 
results. Opium, adulterated with dextrine, has also a smooth, stringy 
“fracture, the solution filtering very slowly, or* not at all, if largely 
adulterated. Again, a solution of opium adulterated with dextrine, 
heated with potash, acquires a light-blue colour on the addition of 
6ulphat$ of copper. Dextrine as above, in the watery solution, is also 
separated by the' addition of alcohol. It may here be observed that 
the adulteration of opium with dextrine is much less objectionable 
than starch — the former not fermenting, as the latter readily does when 
thus mixed. < 

Dr. Sheppard has well remarked (vide “ Rules for the Guidance of 
Officers in the Opium Department,” Appendix D), that, in entering 
at length. into the nature of the adulterations of opium, the main object 
has been to show “ that the cultivator is not always to be relied on to 
supply a pure drug, unless he knows that there is a searching examina- 
tion. From the nature and variety of the adulterations, it will also 
be* evident to any one that the cultivator is by no means the simple, 
uningenuous individual which he has been described to be by some who 
have visited India, and but imperfectly acquainted with him. He is, on the 
contrary, generally a very shrewd man, and, whether accidentally or inten- 
^Jipafilly, he can adulterate his opium in such a manner as to render detec- 
tion in many cases^ difficult.” As bearing on this, it is a curious and 
^interesting fact that the native cultivators of opium, particularly 
those in .Asia Minor, have a habit of working up their opium with 
saliva. It has only lately occurred to me that the use of saliva is 
not altogether qbjectless. Anyhow, it* is a somewhat singular coin- 
cidence tnatrffeCrch^thus treated gives little or no re-action with tincture 
of iodine , and it<ic*curious to remark how frequently the discoveries of 
science have been directed or anticipated, or found to oomprobate, 
with the intuitions of Nature. . t . . . . I can scarcely believe 
that the" native cultivators are at all aware of the ^disguising nature 
of saliva on starch-adulterated opium, as it has only recently been 
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observed by scientific men in ^Europe, the first of whom I believe was 
Nageli. He showed that prolonged treatment with saliva removed 
the matter coloured blue by iodipe, leaving the granule with its striae 
more distinct and capable of resisting .-acids and alkalies — vide Art . 
“ Starch, 99 Micragraphic Dictionary. Again, physiologists have been 
long familiar with, the fact that starch, when mixed with saliva and 
kept at a moderately high temperature, is rapidly converted into grape 
sugar, ‘thus again utterly defeating the Mine te$t. I may remark in 
pkpsing that, in iffy experiments with salivated starch*, I have been much 
struck with the differences in the chepiical re-actions of European and 
Native saliva. Thus, while starch mixed with European saliva, and 
treated with* sulphuric acid, gives a l$ss or more bright rosy tinge to the 
solution, that treated by Native saliva is of a pale dingy green. This 
is no doubt .due to difference in the foodstuffs of Europeans and 
Natives. I merely allude to it here, as, not having observed it noticed 
in my limited pl^ysiological readings, and considering the functions 
of saliva in the animat economy, such distinctions must certainly have 
important pathological and therapeutical bearings. 

Gums and , vegetable mucilages are^I believe, largely used by the 
assamees for the adulteration of opTuin. "The gums present themselves 
in two well-marked series, one of which, the arabuie, as being soluble 
in pure water (as also, in dilute acid, but not in alcohol or ether), and as 
being chiefly used by the opium adulterator is alone worthy of notice here. 
The following are a few of the more commonly used forms : — Gum-arabic, 
as procured from various species of acacia : that surrounding the seeds of 
the bael fruit (CEgle mar me Ion), and the gum kino, a product of* the bark 
and leaves of the Pterocarpus marsupium ; while of mucilaginous matters 
we have such abounding in various species of malloworts (for example, the 
ramturay or dhenroos and the kal-kusturee) — Hibiscus jesculentus and 
Hibiscus abeltnoschus — as also that of the linseed, the meat of which 
abounds in mucilage. The admixture of gums and vegetable mucilaginous 
matters with opium greatly increases its natural adhesiveness, and gives 
it a smooth and somewhat waxy texture and unnaturally stringy fracture. 
Gum-adulterated opium is readily detected by the sub-acetate of lead. 
Thus, prepare a watery solution of the suspected* sample, add solution of 
sub-acetate of lead, and if gum is present it will b'e precipitated in . the 
form of an opaque white jelly. Alcohol or spirits of wine in excess 
.gives a flaky precipitate of gum : a distinct curdy preoipitate of arabine 
and protoxide of had is also afforded by treating solution of arabine 
(adulterated sample) with ammoni&cal acetate of lead. The mu cil ages 
of linseed , dhenroos , &o., which also contain a considerable percentage oT 
bassorine (a modification of arabine, insoluble # in cold water, but 
for min g a gelatinous mass when moistened), are, I suspeot, largely used 
in the adulteration of opium, as they soarcely at aH affect the physical 
characters of the. drug. They are readily extracted from the seeds and 
seed-vessels by boiling water, and are then^ probably jp^a concentrated 
state, mixed up with 4he opium. The presence of these mucilages is, 
however, readily Jbetrayed by treating a deooction of the suspected 
sample with aloohol. If mucilage is present, this will at* once give 
a flaky precipitate. of white mucilaginous matter. As in the case of the 
gums, the sub-acetate of lead also gives a precipitate. 
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I We may now pass on to that series of adulterative matters 
I containing tannic acid, as the pale and black catechu , &o., the Uncaria 
[ gambir , ‘ and the Acacia catechu . ^fhe presence of catechu, or any 
other matters containing, tannin, is readily detected by treating a 
solution of the suspected sample with perchloride of iron . Tannin, if 
present, gives a deep black colour to the solution. The presence of 
tannic acid in the solution may also be betrayed by treating it with 
strong sulphurio acid* the reaction with the tannio aoid being *a deep 
purply-black ‘ 

Saccharine matters, remarks Dr.^ Sheppajd, 44 form a dangerous 
class of adlllteratitriis,* inasmuch as they can oe "added" in considerable 
quantity without materially altering the appearance of the drug to 
the eye — in fact, as Dr. Eatwell observes, its oolour will improve if 
previously dark from pt^sewah admixtures.” The latter authority, 
commenting on this, says that 4 4 a sample of opium containing jjoor, if 
d^ied oh a plate in the manner followed in assaying opium, will emit a 
sugary smell, and the residue, instead of forming* a yellowish-brown 
powder, will remain dark and sticky, and at last form a hard cake.” An 
adulterated (sugar) solution of opium, when treated with strong sulphurio 
acid, gives a powdery precipitate of a blackish-brown colour. Under this 
head I may also notice the uild liquorice- root, the Rosary-pea of 
Europeans, and the koonch of the natives (Abrjis precatorius) . This 
is an extremely common plant in the opium districts as elsewhere in 
India, and much more likely to be used for sophisticative plirposes 
than the pomegranate root and many other substances recorded in our 
opium aclulterative treatises. It has long, slender, and branchy roots, 
which, by boiling, give' a molass-like sweet and mucilaginous syrup. 
It differs from cane sugar in not crystallizing, nor fermenting when 
yeast is added to it, and unless specially examined for is not likely to 
be detected. In examining for this substance the solution may be 
treated as above for gums and mucilaginous matters. It is also 
precipitated -from a solution by the addition of sulphurio or nitrio acid. 

Oils, ghee, and the like, though clumsy, do, it appears, form 
not unfrequent adulterative substances. Dr. Eatwell, treating of the 
examination for those- matters, says: — 44 Dry a small portion of the 
suspected drug in a plate in the manner followed in assaying opium, and 
if either are present, the residue, instead of appearing as a dry powder 
of a yellowish-brown colour, is oily, or greasy, or almost black ” The 
oily matter may also be readily extracted from the sample by treating 
it jgjtji ether or bisulphide of carbon , filtering the solution, and evaporat- 
"Tngthe solvent, when the oil or fatty matter will alone remain. 

The milky juictf of various common Fid, for example, the bhut or 
Banian, the pippul, the pakoor, the goolur, representing, respectively, 
the Ficus indica , Ficus religiosa , Ficus venosa , and Ficus goolerea of the 
botanist. Another is the Mudar, or Calotropis gigmtea K All of these, as 
it appears to pm/ are most unlikely adulterative matters; the latter 
particularly so, on acebunt of its rancid and pspuliarly offensive smell, 
which would at once betray its presence. If ever used, as containing 
tannic add, it of course may easilv be detected as above. As to 
adulteration of the drug with the milk-sap of the Fici* ohemical tests 
are altogether unnecessary, this being readily detected by the extreme 
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adhesiveness and stringy fracture of the drug. Moreover, adulterations 
with the juice of the Fid could only be made immediately or shortly 
after it was drawn .from the tree, as it would be impossible to mix 
the drug with the caoutchouo wheb. ( set 9 in* its watery solvent. This 
it does very rapidly when exposed to the air. From the very large 
percentage of water, the peculiar and strongly adhesive properties of 
this substance, I can scarcely think that any of the assamees would be 
so very* foolish as^to mix his drug with either this, or the preceding 
plant’s juice. 

‘ Turmeric deserves st passing notice, as being used as an adulterative 
colouring matter. For ’this adulteraticfn Dr. Sheppard recommends 
’microscopic .examination of t'he suspected drug. *We have, however, a 
simple and effective chemical test : this is simply to treat a decoction 
of the suspected drug with boracic acid, and if turmeric is present, the 
re-action will be of a dull red colour, while a pure opium solution gives 
no re-action. # a 

Earthy and silicious matter are thus referred to by Dr. Sheppard : — 

“ This division comprise9 sand, powdered bricks, impure carbonate of 
soda, &c. These are detected by the alteration in the smoothness and 
translucency of the opium when spread out into a thin layer. The 
insolubility of all of them in water (except the soda salt) enables them 
to be separated and examined/’ With reference to these, I need onl;y 
observe here that nearly all may be readily detected by a mechanical 
analysis, as suggested in a previous paragraph of this chapter. As 
to the adulterations with carbonate of soda, Dr. Sheppard continues : — 
“It is detected by the peculiar smell which it giVes rise to in the 
opium, as also by incineration.” It may also be readily enough 
detected by making a solution^of the suspected sample and treating 
it with muriatic acid, when, if present, there will be a more or less 
tangible effervescence. 

In excluding this resume of opium adulterative matters and 
modes for their detection, I would specially recommend attention to 
the mucilaginous and albuminous or protein classes as the most 
likely substances to be used by the ‘ shrewd ’ assamee. All abound in 
his commonest vegetable food-stuffs.(as in the “ dhenroos,” and other 
mallows, linseed, &o., of the first group ; and of the latter the sap of the 
yams or a loos of the natives ; turnips-^-se/^wws ; the radish — moolees ; 
and the various species of the cucumber class — torooee or torai, the 
kudoo y koomra , &c., &c., easily expressed and reduced to an adulterative 
state by boiling; while again the solutions obtained from peas^gad^ 
beans — the mutturs and seems of the natives — are likewise rich in 
readily-available albuminous matters). These, a# I have remarked^ 
are thS matters chiefly to be guarded against, and the first, as we know,* 
is readily betrayed by treating suspected samples with subacetate of 
lead or alcohol ; the latter by strong vinegar, dilute<^muriatiu or- nitric 
acid, whioh readily cause coagulation and preoipitatiomH^uoh matters 
from the solutions of adulterated drug samples. 
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t CHAPTER XX. 

THE SELECTIVE IMPROVEMENT, Ac., OF THE POPPY, ANP THE STORING OF 

•ITS SEED. . ' 

• In the improvement of the poppy as a drug-yielder, regard must first 
be had to the capsul'e, as the main reservoir and direct supplier of the 

crude opium Now, as we all know, it is only by the strictest 

adherence £o the principles of selection that , Such great improvements 
have been attained in the breeding of animals and plants. The breeder, 
has an eye to the particular partd or qualities which he would wish to 
develop, and always selects from successive generations the most strongly 
characterized. It is thus that our cereal-growers get an increased size 
and improved quality of grain, and in attaining these objects they find 
if necessary to select the grains separately : they^do not effect their 
purpose by simply choosing the best or largest ears. In wheat, for 
example, Mr. Darwin — commenting on the principle of selection— states 
that Colonel LeCouteur, in his persevering and successful attempts to raise 
new varieties by selection, began by choosing the best ears, but soon 
found that the grains in the same ear differed, so that he was compelled 
to select them separately, and each grain generally transmitted its own 

character The sugar-yielding varieties of the beet 

afford a most interesting example of improvement by the pedigree 
principle. Thus, Yihnorin (who has been the most successful improver of 
the beet), finding that the specific gravity of the root-juices indicated its 
richness in sugar, had a set of delicate instruments prepared for its exact 
determination in the roots of each planf set apart for seed-bearing. The 
roots were first selected according to the best ordinary rules, then' a small 
portion of each was punched out in such a part of it as to injure as little 
as possible jts future growth ; the pieces were then reduced to pulp, and 
the juice was extracted. 1 All roots not yielding juice up to a certain 
standard were rejected, and those which attained the standard were 
planted for seed. The roots produced from this seed were found 
to be constantly increasing in richness, and a *3W years’ continuation 
of* this selective process has, in certair Instances, trebled , and 
on the average doubled , their yield of sugar. I will but give one other 
illustration of the application of the selective principle. It kuafforded 

by the cotton plant The Sea Island cotton of Georgia 

i»4he most highly improved of the many cultivated varieties, and dis- 
tinguished by the g^eat length and silky softness of its staple. It is indis- 
pensable for the spinning of the finest sorts of thread. The filaments 
occasionally exceed two inches in length, and are very generally 
about three times longer than the indigenous varieties of India. 
Dr. Ure thus writes of it on itS first introduction : — * The first samples 
of this cotton vfhen sent to the market sold for six dollars and seventy - 
five cents per pounds while the ordinary Sea Island brought only about 
thirty cqnts ! The growing of it was for some time 4 kept a secret, and 
even in 1831, when Dr. Wardeman visited Madmalun Island, where 
it was onginally raised, the fields in which it was grown were guarded 
in harvest time to prevent the stealing of the seed, three quarts of 
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which have been sold as a favour for 150 dollars. It is chiefly dis- 
tinguished by its large, bright, yellow flowers an<J lengthy staple. It* 
is by the latter character that the best plants are recognized, and 
from which the best seed is selected for sowing the ensuing crop. It 
has been observed that, unless this sefection be carefully made, the 
cotton readily deteriorates. It is also ‘stated, * on the authority of an 
eminent cotton-grower, that the top capsules of the cotton plant afford 
the finest seeds, and are selected, by the most skilful planters of the 
Sea Island districts, for the annual improvement of the staple. Thus, 
as I have elsewhere remarked, by a mode strictly analogous to that 
which I have^ recommended for the improvement of the poppy as a drug- 
yielder, do /we ‘find the cotton-grwer raising* and maintaining a 
high excellence in the varieties of the cotton plant. The wonder is to 
me that .the principle should not have been -adopted years ago in the 
produce of such a valuable drug as opium, and one which has Jt.ad for 
years back an increasing annual consumption. Thus the demand fer 
Indian opium in China alone has increased from 3,210 chests in 1817, 
to 9,969 chests in 1827, to 21,437 in 1846, and to 56,061* in 1866. 

I have, nevertheless, for three seasons past ineffectively urged the 
adoption of the selective principle, simple and inexpensive though the 
process is. I will now describe it. 

2. Guided by analogy, it very naturally occurred to me, in 
observing the great variability in the drug-yielding quality of 
different plants in all the cultivated varieties of the poppy, that 
much good would result from a careful selection of seed from the most 
copious drug-producing plants. I at once put it ih practice in the 
experimental gardens under my charge. Overlooking, however, the fact 
of variability of the several capsules on each plant, the results were not 
striking: indeed largely neutralised, just as in the case^of our cereal 
improvers in beginning to select the best and largest earfi, without 
attending^to the individual grains. I have obviated this in practice 
now by grading the capsules on each plant : thus, my be£t seed is the 
produce of the primary or central capsule of each plant bearing a 
minimum of from five to six copious drug-yielding incisions. The 
second-class seed is the produoe of, lateral capsules bearing a minimum 
of four copious drug-yielding incisions, while the* seed produce of -the 
remaining — be they central or lateral— capsules, with a maximum of 
only three drug incisions, are utilised solely as oil-yielders. These, 
then, are the simple principles observed in the selection of the capsules ; 
the general practice of which, I may remark, would not incur qjk.thq^ 
assamee more than a half hour’s extra labour per beegha. Let us 
make this point clear. Thus, for each beegha of land, from three to 
lour deers of seeds only are required, and this would on the average be 
afforded by from 50 to 60 capsules of 80 tolahs per seer, allowing 
1,000 grains per capsule— alow average I may add. The labour* there- 
fore, need scarcely be grudged. The above, or say ,100 capsules 
selected for the seed-supply of each beegha* ’should be exclusively 
the central or pHmary capsule of each plants these being invariably the 
best, and, in the case of the assamee, will afford all the seed hfe requires. 
In selecting the lateral and indEenor capsules from my own crops as 
above, I do so to get a supply of seed (superior to the common or 



130 


OPIUM HUSBANDRY. 


unselected seed of the assamees) for distriot distribution. Again, 
considering the small number of capsules required to afford a sufficiency 
of seed, a high minimum of copious drug incisions should always be 
observed by the assamees in the* ‘selection of the oapsules. In no 
instanoe should this fall below * five > and in general* I do think that 
each assamee might easily obtain a sufficiency of seed for his* require- 
ments from central capsules bearing a minimum of from six to eight 
copious drug-yielding incisions. I will not dwell further on this, hbwever, 
but only again strongly urge that, in the first instance, the practice 
should be slightly enforoed on the assamees. They will soon learn to 
appreciate it, should it Only -be honestly observed by a few, and the 
trammels of a time-honoured practice will thus be most effectively broken. 

(a ) — We will now pass on to the seed. 

The selection of thejseed, as I would now recommend, ia unfortu- 
nately f not quite so practicable (considering the social position of the 
great mass of the assamees) as that of the capsulg . It is none the 
less, however, well worthy of practice as an auxiliary to the selection 
of the capsules, which is unquestionably of r paramount importance. 
In the experimental gardens under my charge the practice now is 
to sow chiefly those seeds (from even the selected capsules) that are 
retained by sieves, with meshes of the ^nd of an inch on the 
ride of the square. I should add that the bulk of the seeds of the 
several varieties now pass the above sieve, but I shall endeavour 
to get a sufficiency of such for my next season’s sowing. For 
general use, i. e. where there may be a desire to try the experiment 
amongst the assaCmees, sieves with meshes of the ^-th or T 'oth of an 
inch on the side of the square should, in the first instance, be used. 
So far as my experience goes, seeds - ofr which there are not a few — 
caught in sieyes of the ^th and ^th of an inch are really of little or 
no value 'for cropping purposes. 

3. It may occur to practical agricultural readers of this treatise 
that, in recommending . mere bulk , I am overlooking a more important 
property, i. e. the specific gravity of the seed. Not so : I have made 
comparative trials, and find that the heaviest seeds (which, by the way, 
I may Btate are generally found amongst the smaller-sized class) are 
not a whit more productive than those retained by the §^th of an inch 
sieve. Bulk of seed, and not its absolute weight, would thus appear to 
be the criterion of the seed in a drug-producing progeny of the poppy ; 
such, at least, is my experience. Moreover, it is interesting to 
^ observe that the plants from the larger-sized seeds yield considerably 
""more bulky capsules, and these yield relatively a larger quantity of drug. 
Thus, to illustrate : r the results of experiments with mixed seeds , and the 
large and small-sized seeds of the same sample, were as follows : — r 
Large-sized 100 to 61*54 small-sized. 

Ditto ip0 to 76*92 € mixed seeds. 

It will thus be sedn that the large-sized seeds give rise to a considerably 
higher productive pfogeny than either the smaller-sized or mixed 
seeds, the relative differences in the former being as 1 *§8<to 1, in the latter 
as 1*30 to 1. Plainly, therefore, the larger seeds afford the more copious 
drug-producing progeny ; and this/ again, is the result of the capsules 
being of a more uniform and decidedly larger size. It is worthy of 
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remark, however, under this head, that the smaller-sized seeds germinate, 
as a rule, a few days earlier than the larger. As onp of many correlative 
phenomena between.the animal an<^ vegetable kingdbm, this is noteworthy 
as presenting an analogy with the 'process of incubation, it having been 
asserted that eggs of small size ar^hatcfied within a shorter period than 
those of* a large size* ( vide “ Origin of Species” - by C. Darwin , 6th Ed ., 
p. 213). I should add, however, that the small-sized seeds do not 
produde a more vigorous progeny; and, as rSgards Qpium produce, I have 
shgwn that they tft*e ' really less productive than those of large size, 
inasmuch as giving rise # to a progeny bearing smaller-sized capsules. 

4. The comparative produce of seeds from selected and unseleoted 
' capsules m$y nbw be specially illustrated. This, for facility of com- 
parison, I present in a tabular form, — vide appendix, tables A and B . 

The tabulated results in the case of the seeds from the* selected 
capsules are from the gardens under my charge, whereas those from 
the unselected from the neighbouring assamees, who, I belies, 
are among the best poppy-culturists in the Patna division. I have, 
however, thus limited my comparative statement, so that the results 
might not be affected by differences of soil or weather —both factors 
of the first importance in such comparative tabulations. Differences 
in the results are thus fairly attributable, as I think, to the quality 
of the seeds. Let ua note them. Mould-blight caused serious injury 
to the crops early in the season of 1874-75, and consequently lowered 
much the normal outturn of the drug. The selected and unselected 
seed-crops, as being similarly affected, are however fairly comparable. 
Now, in the case of the Metapore gardens, I had as*a general* average 
from 13 beeghas 4 seers 7| chittacks per beegha , whereas that of the 
neighbouring assamees was only 3 seers 4 chittacks . Again, in the tabular 
illustration of the produce of those lands, the returns are 5 seers 1£ chit- 
tacks per beegha , which is 1 seer 13| chittacks in excess of the assamee 
average. *The Deegah returns afford a still more favourable comparison. 

The superiority of the selected as compared with the ordinary 
unselected seed crops is well borne out by this season’s results- vide 
table B of Appendix. The general average of the 13 beeghas of 
land under my charge at Metapore was 9 seers 6 chittacks per beegha, 
whereas that of the 21 assamees on the surrounding lands was only 
5 seers 7f chittacks. Again, the maximum produce of the assamees 
was 11 seers 13 chittacks, whereas I had in two instances over 15 seers, 
and others exceeding 12 seers. I need not dwell on the details, 
However, as all is clearly enough set forth in the tables. I willjonly_ 
add that, in making such comparisons as the above, certain important* 
facts are too frequently overlooked. Let us note tHem : thus, an opium 
crop differs materially from all other ordinary crops in the amount of 
nicety or care required in its extraction and collection. Indeed, on 
this all depends ; .a careless scarifier may, as it happens, either cut too 
deep, and permanently injure the capsule, or, on th^ether hand, over- 
superfioial, so that little or no drug exudes, and a ’collection is thus lost. 
Again, in the collecting, if every care is not observed, very great waste 
may occur. In both respects, I know from experience that very .muoh 
does occur when performed by hirect labour. The assamee and his family, 
on the other hand, have their heart and soul in the work ; scarifying and 
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collecting with the greatest care, until the last drop of drug in the plant 
is exhausted and collected. Little auxiliary labour is engaged, and when 
so,* it is by those who, through their social position, and relations, have 
sufficient moral control over their labourers to ensure an honest perform- 
ance of the work. * * * * * Had the above operations been 

thus honestly conducted throughout the gardens under my charge during 
the past season, I feel convinced, from careful personal observation, 
tliat I would at th§ very least have had one-third more opiuiU, and 
quite as high ah increase in seed. An interested supervision , Of 
such works is, indeed, a trial to the temper ; I h$ve felt it ; but with only 
a limited amount of labour, I «eould but ill afford to make examples by 
dismissal ; even that, however, is jvholly ineffective : the manipulation 
of the capsule and coUection of the drug are plainly and altogether 
operations requiring a hearty subserviency on the part of the employe, 
otherwise, and particularly with European employers, there is really -little 
chance of their being at all honestly performed by tl^e available class of 
native agriculturists. This careless and even mischievous performance 
of the operations of tapping and collecting drug* is, and will be, the grand 
difficulty in showing the normal drug-yield of my selected crops. 

5. The interchange of seed deserves a passing notice. It is a 
general and apparently well founded belief that the vigour and fertility 
of all annual plants are less or more largely promoted by occasionally 
exchanging the 6eeds of one locality or district with that of auother, 
and, on the other hand, that the continued use of the home-grown 
seeds on the same plot of laud has — even as in-and-in breeding in the 
animal Kingdom - *a markedly deteriorating effect. This is doubtless 
largely true under ordinary cultural conditions ; but I am, neverthe- 
less, strongly of opinion that, if the phrat be adequately supplied with 
its mineral and orgauic constituents, it may be successfully cultivated 
on the sanlepfot of land for an indefinite period. As it appears to me, 
the failing of any particular crop, in a locality where it has hitherto 
flourished,, iff wholly attributable to failing supplies in one or more of 
its essential food-stuffs. It may be asked how, on this assumption, can 
the well-known fact be explained of the perfect success of the same 
crop raised from seed imported from a different locality. The explana- 
tion, as it appears to me, is simply this : first, as to the failing of the 
indigenous crop. Well it will, I think, be readily admitted that com- 
paratively few of our agriculturists or horticulturists —Indian of course — 
give themselves the slighest concern about the selection of seeds*; those 
inte n ded for the subsequent season’s sowing being as a rule taken without 
"TUscnmination from the bulk. Indeed, in the. home garden the practice 
is only too common ho reserve for seed purposes the produce of the 
Weakest plants. Now, by such a practice we are plainly accelerating 
the deteriorating influence of the soil. Thus, assuming that the failing 
vigour .and* fertility of the crop is due »to a failing, supply of certain 
more or less esa^mial food-stuffs in the soil, the very fact of selecting 
seeds from tffe weaker plants must intensify the evil, inasmuch as we 
thus me seeds from plants least adapted to the changed a*1d changing condi- 
tions of fife. On the other hand, it is easy to see that, by a careful 
selection \>f seeds from the most 'vigorous and highly fertile plants 
from season to season, we might successfully continue the crop for 
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many more years, inasmuch as we thus successively secure the progeny 
of those best adapted to the changing conditions of growth. Let 
us now have regard to the success of the same variety, from another 
district’s seeds, on lands on which the hitherto flourishing home seed 
has gradually failed. The explanation, * as I have elsewhere stated, is 
again clear: it is not *of one or two, bub many, substances that a plant 
builds itself up, one or more of which are of primary importance, 
the othfers less so, but nevertheless each hafing its pwn definite value in 
thfe, vital economj^hf the plant. Let us take, as a special -illustration, 
the poppy, which, as know, is a pofasso- lime- lor in g plant. Well, we 
can easily understand that where there has been for generations back a 
failing vigour frofn an inefficient supply of lime, that to again re-invigor- 
ate our crop we have only to place it in conditions where it is afforded 
a sufficiency of that food-stuff. Again, seed^from an adjoining district 
having had an adequate supply of lime would doubtless succeed on the 
above soil for a certain number of seasons, as being in full vigour, aryl 
not having hitherto suffered from its want. This is an extreme case, 
however, and such failures of crops as those under consideration is 
rarely due to a failing supply of one, but of many, of the mineral food- 
stuffs. It is thus easy to see how largely reciprocal exchanges of seeds 
from different districts may temporarily tend to promote the vigour and 
fertility of our crops. • I have said that the vigour and fertility of our 
crops may be thus temporarily promoted ; for it is well known that we must 
keep up a periodical exchange, there being a reciprocal deterioration of 
the crops, which can only be attributable to a deficient supply of 
certain mineral food-stuffs, and that these are different in the respec- 
tive localities. For example, a lime-potash and soda plant finds in the 
locality an abundance of the two former minerals and a deficiency of 
the latter, whereas in another locality lime is the deficient mineral. 
Now under such conditions we can easily understand how crops may 
be benefited by reciprocal and periodical interchanges when thus 
sickening and deteriorating for a particular food-stuff in their own 
locality which is supplied in that to which they are transferred. 

(a ) — The asSamees, as a rule, are somewhat chary in the mutual 
exchange of seed, each preferring the produce of his own lands, and 
having but little confidence in that from other districts. I have 
been surprised with this, as they have a simple, but really effective, test 
for the ^erminative quality of the seed. This is by simply sprinkling 
a sample of the seeds on embers, when, if good, they decrepitate freely, 
vfhereas if bad, or of low germinative quality, they simply deflagrate, 
or bum less or more slowly. This is an efficient and ready test.* 
Local and divisional exchanges of seeds have beln encouraged ; and, 
indeed, seeds from year to year have been reciprocally and gratuitously 
distributed by Government in the agencies. As the reported returns, 
however, were rarely in excess of the average local produce, the 
practice has now been generally discontinued. The assamee, as a 
rule, is averse to sow other than his own seed, *and I doubt if more 
than half the seefl^in past years gratuitously distributed by Government, 
was really sown by the parties receiving it. The seed is useful to them 
for other purposes than sowing, and: for such purposes I have*reason to 
think they accept it, while using their own seed for sowing. As an 
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illustration of this, an assamee came and asked me for a few seers of 
•seeds to sow on his lands. I gave him them readily, and I frequently 
visited his khet to feee how the crop progressed. . All went on very 
promising, but to iny astonishment, when the capsules made their 
appearance, I at once saw that the rascal had not. used my seed at 
all : the variety being quite •different from that which I had given 
him. It apparently had not occurred to him that I would distinguish 
fhe difference in the.varietidk He had simply sown his own seed, and 
used mine for other purposes. I do not doubt th‘at*Hie returns, &o„'of 
the seeds hitherto gratuitously distributed by government have been 
thus largely falsified. 

(b.) — While every encouragement, however, should be given the 
assamees to practice, inter se, local interchange with the seed of the 
poppy, it is well to be cautious in extending it to provinces, unless 
there. ^s considerable uniformity of seasons. Thus, to illustrate, 
we have the results of the reciprocal changes of«seeds between the 
Government agencies and Malwa. They proved most unsatis- 
factory, and this especially so as regards the .Malwa varieties in Behar 
and Benares. The seeds sent from these agencies, on the other hand, 
succeeded much better in Malwa, though, again, they proved considerably 
less productive than the local sorts. The poppy, in so far as relates 
to drug-produce, is evidently very sensitive to changes in climatic con- 
ditions, though by no means nice as to the mere physical qualities of 
the soils on which it is cultivated. 

6. • The storing of the seeds may be briefly treated. This is a 
simple, but important operation, as the seeds require to be kept per- 
fectly dry and in well- closed vessels duripg the rainy season. After the 
thoroughly mature capsules have been broken, the seeds separated 
and cleaned, they may at once be put into well-burnt earthenware vessels, 
and kept in a dry and airy verandah till the end of April, when they 
may be finally closed and stored for the approaching rains. In closing, 
all that is' required is a close-fitting earthenware saucer for the mouth 
of the vessel. The rim of this being coated with plastic clay, the saucer 
is firmly bedded on it, and all covered with a thick layer of the above 
material. This is allowed to dry thoroughly, when it receives a second 
layer of fine clay, so as to fill up all cracks, and then carefully 
smoothed over. It rarely requires a third coating, the second forming a 
close, unbroken surface, quite impervious to moisture, which is* mainly 
to be guarded against. The seed vessels may now be placed in diy 

-andrairy quarters, and require no further attention. 

7. It is to b# observed, however, that in simply closing them 
tip as above, we find them very generally less or more seriously 
damaged by a few species of grain weevils and a member of the acarina 
or mite family. These will Ipe more particularly noticed in the sub- 
sequent chapter^Tn the meantime, I may say that, prior to closing up 
the vessel, ‘"the surface <5f the seeds should be. sprinkled over with 
pounded camphor , which is a complete preventiti^e to the attack of 
weevils and mites. The attention of the assamees should be drawn 
to this, as the weevils especially ‘seem to be extremely prevalent in 
both agencies, and cause much injury to their poppy seed. I observed 
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this in my first season’s experiment, having been supplied by the 
Agents with seeds from the assamees. Nearly all these vessels were 
swarming with weevils, and in many cases from 4 a third to one-half 
of the seeds rendered quite useless. * 


CHAPTER X£I. 


* • # DISEASES AND INJURIES OF THE POPPY. 

The poppy, like many other of our fields crops, is liable to a variety 
•of specific diseases : it has, hcfwever, i^s most serious enemy in a minute 
parasitic fungus, akin to those which for years past have so ravaged — the 
one the potato-crops, and the other the silk- warm nurseries. * * * It 
is, indeed, held by many botanical physiologists that cultivated crops, as 
a rule, are more subject to diseases, more liable to be infested witli para- 
sitic plants and ravaged by insects, than are those in a state of nature. 
Thus Professor Balfour, •quoting from Schleiden, says : — “ Plants in a 
state of high cultivation are all more or less in a condition predisposed 
to disease. There is an unnatural and excessive development of parti- 
cular structures in particular substances, and thus the equilibrium being 
destroyed, the plants, are liable to suffer from injurious external 
influences. The general morbid condition produced by cultivation is 
heightened into specific predisposition to disease, when the conditions 
of cultivation are opposed too strongly or too suddenly to those of 
nature.” — “ Class-book of Botany .” fir. Hooker has Veil exposed the 
fallacy of such notions. Commenting on the phenomena of variation 
and reversion in our cultivated*plants, he observes that “ an artificially- 
induced condition of constitution is not necessarily a digeased or un- 
natural one ; and, so far as our cultivated plants are concerned, all we 
do is to place them under conditions which Nature does not provide at 
the same particular place and time . . . .We hftve no reason to suppose 

that we have violated Nature’s laws in producing a new variety of wheat ; 
we may have only anticipated them ; nor is its constitution impaired 
because it cannot, unaided, perpetuate its raoe. It is in as sound and 
unbroken health and vigour during its life as any wild variety is, but 
its offspring has so many enemies that they do not perpetuate its 
race. . . . Cultivated wheat will grow and ripen its seeds in almost 

all soils'and climates, and as its seeds are produced in great abundance, 
afid can be preserved alive in any quantity in the same olimate^and # 
for many years, it follows that it is not to the artificial or peculiar * 
condition of the plant itself, and still less to an f change effected by 
man \ipon it, that its annual extinction is due, but to causes thaf 
have no effect whatever upon its own constitution, and over which its 
constitutional peculiarities can exercise no oontroL” — {Introductory Essay 
to the Flora of Tasmania , p. 9.i # ^ ^ 

The diseases and injuries of the poppy may be conveniently 
arranged under •the following heads (1) Specific diseases of a func- 
tional or organio nature, “ caused by an excess or deficiency^)! those 
agents which are necessary for the vigorous growth of plants*, such as 
soil, light , heat, and moisture. (2) Injuries caused by parasitic plants 
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(a) of the higher or flowering class, e. g., the broom-rapes; (b) of the 
lower or so-called flowerless olass, and limited to the natural order 
fungi; (3) mechanical injuries of various kinds, chiefly caused 
by the attaoks of , parasitic 'ajid bther insects. Diseases caused by 
changes in the atmosphere are oftenr epidemic, and spread over exten- 
sive districts of country. Thtose which are due to parasitic ftmgi are 
yery generally of a contagious nature, the minute spores being carried 
by the winds. Exciting causes operate with great intensity in cases 
where plants are previously predisposed to disease.’ 'Thus, if a plaint is 
in an enfeebled or weak condition, it is much more liable to be affected 
with epidemic or contagious diseases thimanother in vigorous health. — 
Balfour. * c 

(2.) — Specific diseases. 1, a, Boot-canker. — In stiff clayey soils, in 
which there is an excess of the oxides of iron or manganese, poppy ip 
frequeptly very seriously affected with the above disease. It also 
prevails even on the lighter class of soils wher^ there is an excess 
of alkaline salts. Plants subject to this disease have the root variously 
affected : *very frequently it breaks out in isolated patches, or again 
it extends less or more over the whole tap-root from the point upwards. 
I have frequently pulled up sickly-looking plants and found them thus 
affected ; the softer outer tissues of the root being completely corroded, 
'from the apex to a little below the neck of the^plant, where, probably 
from some favourable change in the weather, or changed conditions in 
the surface soil, a less or more bulky callus (as such a development of 
cellular k tissue is called), had formed, from which sprung tufts of rootlets. 
In most cases, however, the latter are abortive, rarely attaining sufficient 
vigour to supply the soil wants of* the plant. The following are the 
more characteristic symptoms of this disease: — The leaves gradually 
wither from, below upwards, and individually from the apex and 
circumference to the base, the central parts thus being fresh .and green, 
while the margins are quite withered. All ultimately assume a pale 
brownish* yellow with veins of a deeper colour, while the lower surfaoe 
is generally less or more freely speckled with black resiny exudations. 

In strong clayey soils, as also in those of a lighter 

nature, with an excess of saline matters, the young poppy frequently 
suffers much from a root injury akin to the preceding, though we 
can scarcely term it canker. In this case the root is less or more deeply 
ringed (as if by an escharotic application), immediately below the 
surface of the soil. The softer outer tissues are abruptly corroded, 
and this not unfrequently to the central woody cord. Below this ring 
the root presents quite a fresh and healthy appearance to its extreme 
^points. It always, however, seriously checks subsequent growth, 
*and indeed kills all the less vigorous plants : the more robust, 6n the 
other hand, gradully form a callus over the injured part whenoe spring 
adventitious rootlets, but these«rarely acquire sufficient vigour to sustain 
a healthy pegetJition, and f thus even the survivors are to the last spare 

and stunted The cause of this ringing , as it appears to me, 

is in many cases simply due to the abrasion of the shfter outer tissues 
in a dry and baked soil. Thus, it may be indirectly due either to the 
natural Shrinkage of the soil, or tlie irrigation of the crops in windy 
weather, thus giving the young plants considerable play immediately 
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below the neck. Now the oonseqnenoe of course is this, that as soon 
as the surface of the soil dries and cakes, the softer and exposed* 
portion of the root are less or more regularly abraded in a circular 
manner, if wind prevail. In other o&ses,.I have observed very similar 
effects in dry seasons, in light open soils, containing an excess of 
saline matters. In those cases the salts formed an efflorescence on the 
surface of the soil, and apparently caused the corrosion of the softer 
root tissues with which they came in contact. To remedy the evil in 
the* Jatter iiistance*fhen, means must be adopted to reduce of neutralise 
the excess of saline matters, whereas in the case where it is simply 
a mechanical injury, and indirectly due *to the shrinkage of strong 
clayey soils, J wo'uid recommend for such the system of. ridge and 
furrow culture, explained in a previous chapter of this treatise. 

V^(2, b.\ — Sun-burning . — This is the moorka er joorka of the assamees, 
a prevalent and seriously orop-depreciating disease, on light $andy 
soils in hot seasoqp. Poppy is especially liable* to be thus affected? 
immediately prior to the development of the stem. The symptoms 
are a gradual drying up* of the upper or younger parts • of the 
plant, the leaves becoming shrivelled and variously contorted, with 
the veins of a brownish or purply-black colour, while a longitudinal 
section of the plant shows a dry and shrivelled apex, with the pith less 
or more decayed from above downwards. It is, as I have remarked,* 
simply due to sun- scorching. The poppy somehow, more than any 
other of our agricultural crops, seems to be susoeptible to it, and that 
not only in poor sandy soils, but also in rich loams, when the feather 
is hot and the soil-moisture insufficient to enable the roots to keep 
pace with the transpiration from the leaves. As showing that this 
disease is simply due to drought and heat, we frequently observe 
partially-affected plants giving off lateral shoots immediately after 
their irrigation. 

(2 y c.)^Scleriasts (from the Greek sklcros , hard).--Thesj r mptomsof 
this affection are a gradual drying and hardening of the whole tissues 
of the plant : it is evidently a congenital or constitutional affection. 

It appears to be rather a prevalent form of disease, and occurs 
indifferently in crops on irrigated, and unirrigated lands, on dry 
and poor soils, as well as those which lack neither manurial conditions 
nor moisture. It would appear to be due to a partial arrestment 
of the vegetative function as the plant attains the flowering stage. 
The plants up to that period are, to all appearance, quite healthy, 
and usually the first symptoms are the slight persistence of the sepals, t 
imperfect expansion of the petals, and the less or more complete per- 
sistence of the stamens. The latter may be observed for many days 
after the fall of the petals, and indeed until the capsule is fully deve- # 
loped, forming a withered fringe around the stem. The capsules also 
are always of small size, generally very numerous (from 12 to 20 or 
30 on eaoh plant), rarely yielding drug to more them t$e incisions, and 
even that scantily. Where prevalent, it thus seriously deteriorates the 
crop. . . . I tfltao find, from experiments with the seeds of plants thus 

affected, that there is a strong tendency to the perpetuation of the evil : 
a considerable percentage of the progeny presenting the same deteri- 
orative characteristic. Now, occurring as they do more or less in 
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nearly* every plot of poppy, and as the assamees take no precaution 
'whatever in the selection of their seed, we have here another pregnant 
source of deterioration, distinct from that which I have previously 
pointed out — Le. thg use ©f see^s fro'm healthy and vigorous plants which, 
from a poorly developed milk system, afford but a very scanty supply of 
drug. Scleriasis is a most obscure form of functional derangement, 
and one for which I can suggest no remedy. The fact, however, that 
it is strongly inheritable, should teach us to carefully avoid the use of 
seed from 'such plants in sowing. Indeed, by far'fiie best plan would 
be at once to eradicate them when observed. f In my last season’s crops 
from selected seed, I observed only a very few giants, and I was 
careful to uproot them at once. , ' , \ 

(2, d.) — Petechia (from the Italian petechio , a flea-bite). — In this 
affection the cuticle of the leaves becomes more or less densely covered 
with specks or spots, somewhat resembling those caused by the bite 
of the above insect. In moist seasons plants thus affected are far from 
uncommon in our poppy-fields. The first sign of the disease is shown 
by the leaves acquiring a pale, dull, yellowish- green tinge, and soon 
after the whole surface becomes studded tvith specks and patches of 
purply-black. The affection is much less developed on the lower than 
the upper surface of the leaf ; the latter ultimately acquiring a nearly 
•uniform purply-black colour, and then presenting all the appearance of a 
plant affected with purpura — literally, the purple or livid disease. The 
discoloration is mainly confined to the leaves, and very rarely accompanied 
by any external exudations- from the tissues, though all parts of the 
plants are soft' and juicy; indeed in a quasi-dropsical condition. 
In many cases, as I believe, this disease is largely attributable to the 
overcrowding of plants in low and damp soils. It appears, anyhow, to 
arise from a# excess of moisture in the soil or atmosphere, or both, 
accompanied with a low temperature, which, lowering the vegetative 
processes while the tissues are gorged with fluids, causes the rupturing of 
all the finer vessels of .the leaves : the peculiar colour assumed is pro- 
bably due to the oxygenation of the exuded sap. Plants thus affected 
may and do bear flowers, and even perfect seeds, but, as might be 
expected, they yield little or nQ drug. The fact, however, of their 
perfecting seed, and this being indiscriminately collected with that 
from unaffected plants, will no doubt tend to perpetuate and extend 
the disease, on the principle that affected plants have a more'or less 
pronounced tendency to transmit it to their progeny. I would thus 
strongly recommend tW eradication of all^such plants from our crops 
as they make their appearance. ,/ 

(2, e.) — Ganger ene (from the Greek graino , to eat) is so-called from its 
* eating away the tissues which it affects. The soft or herbaceous parts 
are most liable to it. It frequently breaks out on injured parts ol the 
plant, and is then more or less. local, while, again, when due to an excess 
of moisture and low temperature, the whole plant may be affected and 
destroyed. Indeed, cold and damp are pregnant sources of this disease ; 
and under such conditions I have frequently observed* large patches of 
hithertd apparently healthy plants, suddenly affected, droop and wither 
after a short exposure to the sun. * Affected plants are easily recognized 
by their curved, depressed, and less or more rigid shoots and drooping 
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leaves folded backwards, or even somewhat revolute. The flowers also 
expand very imperfectly, and the stamens are always more or less per-. * 
sistent and drooping, forming a long, persistent, dry, and shrivelled 
fringe around thjy base of the capsule,, ’Thtf latter— the capsule — is 
generally arrested in an early stage of its growth, and very rarely indeed 
do plants ’(poppy, I mean, affected* with gangrene) perfect their seeds. 
As the disease progresses, the stem, leaves, ^pd oapsules, are all less or*, 
more freely spotted with black, resiny exudations. Such, briefly, are the 
more marked external symptoms of a gangrened poppy, and of which 
the first* to betray it are the general flaceidity of the foliage, and the 
pale-yellowish green colour of the leaves tfhicii it so rapidly assumes. 
Very generally the largest and apparently the nfost vigorous plants 
are the first to succumb to gangrene. On cutting such plants over, 
we find the whole pith of the plant in a morer or less advanced stage 
of decay or rot. Thus, in a longitudinal section a plant killed* with 
gangrene exhibits from below upwards the pith dry and shrivelled/ 
adhering in cords to the surrounding woody zone, and becoming 
more abundant upwards, " until it again quite fills the central axis, 
but still throughout in a pulpy, putrid state. The affection as a rule, 
in the case of the poppy, originates in the pith immediately above the 
neck of the plant ; thence it extends upwards, as we have seen. It 
is w r orthy of note that, in inoculating healthy plants of the poppy* 
with gangrene — which is easily done by inserting a small portion of 
the affected tissues into that which is to be the subject of experiment — 
the disease makes scarcely any downward extension^ while rapidly 
invading the pith zone upwards. This would seem to mdioate that the 
flow of the sap is only from below upwards in the latter zone. For 
the above disease in the poppy there is really no remedy, all the 
softer inner parts of the plant being in an advanced stage of decay 
before any* external symptoms present themselves. In softer tissued 
plants— cucumbers, melons, &o., — where the inner and outer parts are 
almost simultaneously affected, its progress may be arrested by care- 
fully cutting out the diseased portion, and dusting the fresh out with 
sulphur. From the nature of the disease, it will be readily understood 
that when young poppy, of soft and vigorous growth, are affeoted with 
gangrene, its extension, and the ultimate destruction of the plant, will 
be much more rapid than in the less vigorous, or more fully-developed 
and harder structured plants. 

3. — injuries caused by parasites : the Broom-rapes. — (a) — The higher 
or lowering class of parasitics. Of this class, the poppy is the 
nurse of two species of the root-parasitic , Broom-rapes. One of these 
is very common, and causes serious injury to thetsrop. This is the # 
Orobanche (Phelipeea) indica. It is very generally diffused through 
both agencies, as in many other parts of India, making nurses 
of various plants,- though it® special * favourites in our fields are 
tobacco , brinjal, rape , mustard \ and the poppy, on the roots^Cf al£ of which 
it is parasitical. It forms a bulky tuberoid stem, from whioh spring up 
numerous flower-^t’alks from six to twelve inches high. These are 
stout, erect, hairy, and scaly (and, like all other root parasites, foid of 
true leaves), bearing numerous pretty* blue-coloured flowers on tlfe upper 
half of the scape. The other species is the Orobanche cornua, a more 
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robust plant (attaining a height of from 12 to 18 inches), but with 
* much smaller flowers of a purply-blue colour. It affeots the tobacco plant 
more than the poppy, giving rise to .massive tufts of flower-shoots to the 
destruction of its. nurse Those ‘root-parasites, whja at all frequent, 
cause much injury to the crops they affect. Unless very extensively 
affected with the broom-rape, however, the poppy attains its full develop- 
ment, the evil effects only appearing in the post-floral or drug-yielding 
period. Then, depending as the parasite does on the assimilated juices 
of its nurse, we find the excretion of drug suddenly arrested, the 
seeds ripening prematurely, and the whole plant drying up. * It thus 
seriously reduces the yield w of drug. We frequently observe plants 
thus parasitised affording one or two copious excretions from the central 
and secondary capsules, and then with the younger capsules suddenly 
drying up. This I wholly attribute to the broom-rape . • The assamees 
are fully alive to ^he injury it does their crops, though careless 
v in its eradication. This is simple ; and with very little extra labour — if 
not altogether banished from their fields — it might be greatly sup- 
pressed/ Unfortunately the assamees, I observe as a rule, instead of 
entirely detaching the tuberoid stem from the root of the poppy, are 
satisfied with merely cutting off the flower-stalks below the surface 
of the soil, and thus only increase and perpetuate the evil; the 
•result being that the tuberoid stem only further increases in bulk, 
and in a short time gives off other and more bulky tufts of flower- 
shoots. District officers should draw the attention of the assamees 
to thi^, as the broom-rape plant is easily enough wholly detached from 
the poppy root : thus by merely catching the stalks by the base, and 
having loosened the soil somewhat with the weeding root, it may be 
readily twitched off. By thus eradicating the plant prior to its 
attaining the flowering stage, these broom-rapes would, in the course 
of one or two seasons, be of rare occurrence in our poppy fields. 

(b ) - The lower or floicer less class of the poppy plants’ paw sitic foes . — 
These are k all comprehended in the natural order of the fungi, and 
chief of them is that evil-famed mould — Peronospora arborescens — which 
peculiarly affects the poppy : it is thus a member of a genus which, as 
Mr. Cooke observes, “ no other can parallel in the number of species 
injurious to the field or the garden, or in which the injuries inflicted 
are so great and irremediable.” 

( b , 1.) — Peronospora arboivscens. — The poppy-mould has been long 
known to the mycologist as affecting the crimson-flowered corn-poppy, 
— an agricultural weed— rarely, however, affecting the opium poppy in 
Europe, and never known to have caused any injury to that species. It was 
( only after the eerftus failing of the opium crops in India, in February 
1 1871, that this mould — being detected by the Rev. M. J. Berkeley 
on the specimens sent him for examination — began to be regarded as 
another agricultural pest of that already evil-famed, genus. As to this 
there can jiow^lbe no question. Indeed, but that in the opium poppy 
it finds a nurse-plant of annual duration only, I do not doubt it 
would prove quite as serious an enemy to that cutfp as are its allies 
{P. infistansy and Botrytis bassidna)^ to the potato and silk- worm : periodi- 
cally, iif fact, it has proved itself quite as virulent a foe as either. But 
that the opium season of 1874-75 was unusually dry, I am strongly of 
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opinion, from the mould so abounding on the crops, that its blighting 
effects would have been quite as striking as any on record of the potato. 
As it was, the drug returns were Seriously reduced, the later-sown crops 
suffering the jtost. This, however, will bafulty illustrated in a sub- 
sequent paragnqph. , 

( b ; 2.) — The* poppy-mould, like all its kin, is, I need scarcely say, 
one of those minute forms which can be studied only by the aid of the’ 
micrcfeeope. To the unassisted eye thfe fertilp filaments are alone 
Visible, forming •white, dust-like patches on the lower surface of the 
leaf.** An ordinary pqpket lens exhibits these patches as bundles of 
silky-grey, thread-like filaments, with the extremities of their branches 
studded with minute, globular and pellucid spqj*e-cases. I annex the 
specific description of the poppy-mould from Mr. Cooke’s admirable 
. little treatise on the British “ Microscopic Fungi 99 : — “ Fertile threads , 
slender , erect , 7-10 times dichotomous above ; branches more or less flexuose , 
squarrose , spreading , gradually attenuated; ultimate ramulf shortly 
subulate , more or less arcuate; acrospores very small, subglobose ; mem - 
brane scarcely violaceous %" On the corn-poppy in Britain, the mould 
is in full fructification in June ; in this country, where the poppy is a 
cold season’s crop, we find it making its appearance on the young 
poppy about the close of November, and attaining its full development 
early in February.. With the increasing heat — which altogether 
checks its development — of the latter part of February and March, 
scarcely a trace of mould can be found on our late crops, and this only 
on the lower and least exposed leaves. 

( b , 3.) — I will now give a brief description of the vegetative and 
reproductive organs of the mould, as the technical terms used in the 
following paragraphs may otherwise be unintelligible to many of my 
readers. The spawn , or mycelium of fungi, is the analogue of the 
root anj stem of the higher plants, fulfilling their several functions. 
In the moulds under consideration it consists of colourless filaments, 
either in the form of a continuous canal, or it is partitioned, and has 
then the appearance of a septate tube. It is developed in fffie interior 
of the substance of the plants, which foster or nurse it, and in the case of 
the poppy it is mainly, if not wholly, confined to the inner tissues 
of the leaf : I have at least in* no instance observed it breaking 
out on any part of the stem, on the flowers, on capsules. The filaments 
bearing the reproductive organs spring from the mycelium , either 
solitary or in bundles, and are either continuous, as in the poppy 
•and potato-moulds, or chambered, as in that of the allied species, which 
is the cause of that disease known as the muscardine in our silk-worfn 
nurseries. The spores or conidia — the seeds ororeproductive bodies— 
in the poppy mould and its allies are various in form and function. 
They are simple or compound, borne on the extremity of a filament, 
or inserted on special organs called basidia, and then supported on 
stalks which are technically called sterigmata. The spores vegetate by 
producing one to .four filaments, and these are the rudiments of the 
mycelium . Ooyqnia are other spore-like, female organs, of considerably 
larger size, than the conidia , and are seated on the mycelium , from 
which, however, they are separated by septa, and hidden in the 
tissues of the foster-parent : they have not as yet been observed on the 
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mould of the opium poppy. These organs — oogonia — are large ovoid 
.or. globose cells, consisting of a thiokish membrane, which is filled 
with a granular mass of protoplasm \ (the first forpaative matter, or 
that from which, the cell — nuclei originate), which ^timately and 
after fecundation by* a filamentous .tube, which shoots out from the 
antheridia , or male organs (subsequently to be described), divides into 
several reproductive bodies called oospores. The antheridia , or male 
organs, axe simple, obtuse, <Jr obovate cells, smaller than the ooponia, 
or female organs, and borne on branches of the mybe&tim, from which’ 
they are separated by a septum, and very generally rest on, of are 
applied to, the female organs to •effect their fecundation. They contain 
a finely granular protpplasm 9 and ultimately produce a filamentous 
tube, which perforates the wall of tne oogonium , and thus, as is believed, 
effects its fertilization. . 

(6, 4.) — I first observed living specimens of the mould on -the 
opkim pbppy in a field at Ranchee, in the Chota IJagpore division. 
This was in January 1873. Later samples also of mould-affected 
plants were sent me from the sub-divisions of Jaloun, Mynpoorie, and 
Etwah, in the Benares Agency. Throughout both agencies, however, 
that season the mould seems to have been most sparingly diffused or 
developed, and nowhere, I believe, could any of the local failings of 
poppy be attributable to it. In the ensuing season of 1873-74, on 
the other hand, it abounded on the poppy in both agencies. I first 
observed it on plants in the Government experimental gardens at 
Deegah in December 1873. It was then confined to the lower and 
matured leaves of 'the plants. Early in January 1874 it had much 
increased, being then prevalent on all the more advanced crops, 
but, it is to be observed, in all cases confined to the matured leaves 
of the plants , the younger and developing leaves showing no trace 
of it. This is an important correlation. I was much alarmed 
with this general diffusion of the mould and, much to the horror 
of my sirdars, • I ordered them at once to strip all the mould-affected 
leaves from the plants on several of my experimental plots. I 
adopted these measures with a view to prevent as much as possible 
the further diffusion of the mould by its spores, which I then mis- 
takingly regarded as * the organs by which the mould contagion was 
diffused. It was evidently useless work in so far as related to the 
existing crop, though it is likely to have served a purpose in lessening 
the number of spores which await the crops of the following or Subse- 
quent seasons; as it is difficult to say how long, under favourable 4 
conditions, such vitalized germs may sustain a dormant existence. It 
has, indeed, been held by not a few mycologists that these spores — the 
cohidia — lose their vitality or germinative power very rapidly ; but this, 
of course, is the result of experiments with such under artificial conditions, 
and it is .rash to assume on such .purely negative evidence what may 
obtain in their own^natural economy. In the higher plants, for example, 
we are famili&r with matay kinds of seeds which are kept with difficulty 
under artificial conditions, and yet when left to nature^and as it would 
appear to us in the most adverse conditions, they nevertheless retain a 
vigorous vitality and reciprocate at onfce to the return of their season of 
growth. ..... But to return to the extension of the mould on 
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the plants. This was quite a periodic phenomenon (as I will subsequently 
desoribe in detail), and extended from about the middle of December to 
the middle of February. At the* latter period fully more than half the 
leaf surface of every plant was invaded, and.discOloured by the mould. 
The invaded portions of the leaf are readily distinguished by their dry, 
escharotic appearance, and dull-brownish oolour. On examining the 
lower surface of these in February 1874, I found every patch crowded 
with spore-bearing filaments. The mould had apparently exhausted 
itself in this high reproductive fertility : it made n6 further extension, 
and the invaded parts dried up and withered, without causing rot. or 
further injury to the uninvaded parts of the leaf. From the result of 
that season^ observations of* the mould, I had concluded that it was not 
at all likely to prove a serious enem/ to the poppy. The’less succulent 
structure, as.compared with that of the potato, as I then wrote, “ is 
* evidently unfavourable to any rapid or general extension, of the mycelial 
processes , and out of the many thousands of poppy plants whicll I h^ve 
now seen, with tfieir whole leaf surface teeming more or less with the 
fertile shoots of the mopld, I have not seen a single plant guccumb to 
it : all have flowered, yielded drug, — I am indeed not prepared to say in 
undiminished quantity , — and borne .their normal quantity of good seeds.” 
Well-founded, apparently, though the above view was, the following 
season’s observations proved it to be anything but true ; and the escape 
of the crops from a virulent blight, proved simply to be due to the mode 
of development, as I will now attempt to show in the following resume, 
of the mould’s extension and morbific action on the poppy crops in the 
season 1874-75. 

(b, 5.)- — 1 The first appearance of the mould on the poppy in the expe- 
rimental gardens for the above season was towards the close of Novem- 
ber 1874, and, as in the previous season, I found it entirely confined 
to the lower and mature leaves. It had again a periodio extension 
from the* lower to the upper cycle of leaves, and by the middle of 
February the whole leaf series presented patohes and streaks of 
a dark-brown colour, indicative of mould * invasion* Hitherto it 
had given me no anxiety, my observations on extensively-affected 
specimens in the preceding season having afforded me grounds for 
the belief that the drug-yielding qualities of the poppy would not be 
sensibly impaired by the infection, nor did it appear in any marked 
way to have weakened the plants, as even those with the older leaves 
very Extensively affected (the mycelium , as I should here observe, 
being fertile or spore-bearing) continued in good health. . . . Each 
mould-patch fructified copiously , and thus, as it would appear, utterly 
exhausted the mycelium or spawn in the inner tissues ; so that the latter 
and its fostering matrix simply dried up, without communicating disease 
or rot to any uninvaded portion of the leaf tissues. On the other 
hand, in the season 1874-75, Jthe inner tissues of the leaves appear to 
have been wholly interwoven by a sterile mycelium , thq decay of which 
caused their discoloration and death. Again, the fungal discolorations 
and disease of«$ie leaves were oommunicated to the nodes, — i. e. the 
points of union of the leaf and the stem, — thence extending upwards 
and downwards from each as a* centre, until the whole* stem not 
unfrequently assumed a nearly uniform glaucous bluish-black. At 
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this stag© all subsequent growth is arrested, and the plant sooner or 
.laier dies. The cuticle, or skin of the stem, shrinks and dries, hut 
unlike that of mould affected potato-stalks, it # continues firmly 
adherent to the dry woody layers beneath. This* close adhesion of 
the epidermal layers * to the woody ?one tends, as I. think, to show 
that neither the cambium layer nor liber, or inner bark, has 
been actually invaded by the mould ; otherwise one might have 
expected a ‘separation, of the 1 epidermal or upper layers on the death 
of the mycelium and softer tissues investing the wood. . . The pith 
of plants affected with mould acquires a brownish-green colour, 
and in the earlier stages of *the disease becomes gorged with sap. As 
this is exhausted — apparently in the supply of the capsules, which 
frequently continue green and soft, and even mature their 6eeds after 
the leaves of the plants are dry and withered — the pith also dries up, 
and the whole plant dies. . . . The weather during the period of .this 
mould-iflvasion was up6n the whole dry, with only light, occasional 
showers of rain. I do not doubt that with eold, r foggy, or rainy 
weather those mould-blighted plants would have become so surcharged 
with sap, that all their parts would have become soft, and instead of 
withering and drying as they did, would have become a pulpy, rotten 
mass. This I now strongly suspect has been the case in the poppy 
blight of 1871-72, as it appears to have been everywhere preceded 
by cold, foggy, and rainy weather. We have now shown that, under 
certain unknown conditions, there may occur either a merely vegetative 
extension of the spawn or mycelium in the tissues of the poppy 
leaves, of, on the other hand, the development of the vegetative system 
may be in abeyance, and have the reproductive correspondingly exalted, 
to the complete exhaustion of the mycelial processes. Now, in the 
latter case, we have a comparatively harmless parasitism , the injury to 
the tissues • of c the foster parent being local, and limited to those in 
immediate contact with the mycelium; whereas in the other case, 
with the reproductive function in abeyance, and a purely vegetative 
development in force, the results are most mischievous : this, as it appears 
to me, is due to the decay of the unexhausted mycelium in the tissues of its 
nurse. In all circumstances the spawn is but short-lived, decay fast fol- 
lowing development ; 'and it is thus that the soft, almost sebaceous tissues 
of the mycelium , full as they are of protoplasmic matter and juices, 
cause alterations in the cellulose and cell contents of the surrounding 
tissues, and generate a gimi-fermentive process, which being com- 
municated to the surrounding tissues, the whole organ, or indeed the 
entire plant, undergoes decay. Now, it is easy to see that if this 
should occur in cold, wet, and cloudy weather, when transpiration is 
checked, and the tissues consequently less or more gorged with juices, 
the plant will present all the symptomaticappearances of moist gangrene; 
the leaves becoming soft, flaccid, t and droQping with the first break of 
the sun, while th©- softer tissues of the stem will speedily rot. In a 
dry and hot atmosphere, dn the other hand, while transpiration is 
increased, and the absorption of moisture from the soil impeded, by 
the decay*of the mould in the tissues, and the functional derangements 
thereby ooeasioned, the fluid contents of the cells being nearly exhausted, 
the several parts of the plant, as might be anticipated, do simply wither 
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and die. Thus, in the first instance, we have one of those virulent rot- 
blights which ruined the poppy-crops in 1871-72 ; and in the second* 
it assumes the dry .and less striking form as exemplified in those of 
1874-75. The latter, its development and effects, we will now briefly 
notice. . • 

( b , 6.)— In the beginning of March 1875 blight, in a truly epi- 
demic character, first made its appearance, as I learned from reports' 
and specimens sent me from the different districts of the agency! 
About # the middle • of February suspicious symptoms of some secret 
blighting influence had presented itself in the experimental gardens. 
This was, in a considerable percentage ©f the most advanced plants 
Ceasing to yield drug, though to all appearance in vigorous health and 
far from mature. Now, it is to be observed that the leaves externally 
betrayed no symptoms of the mould’s renewl of vegetative activity. 
The old blight spots and patches did not increase in size, nor were there 
any fresh eruption^ of mould. I now suspect, however, that certain 
obscure chemical changes had then taken place in the maturing plants, 
as indicated by the sudden exhaustion of the opium fluids,. and that 
this had stimulated to fresh action the dormant mycelial particles, 
which were doubtless present in the leaf tissues. It would appear 
that certain changes in the juices of the plant are somehow peculiarly 
favourable to the development of the vegetative system, or spawn o£ 
the mould, and that thus, as in the case of many common terrestrial 
plants which draw their nutriment from the soil, under certain 
conditions continue for longer or shorter periods to vegetate vigorously . 
without producing seeds, so with the parasitio mould, revelling, so to 
speak, in j uices suited to its vegetative wants, we need not be surprised 
at the temporary suppression of the reproductive functions, and the 
exclusive exercise of those of a purely vegetative character. I am, indeed, 
convinced that we are thus afforded a satisfactory explanation for many 
of those epidemic mould-blights which, with such fearful rapidity, lay 
waste our crops. Again, assuming that this virulent, or* vegetative 
mode of development of the mould, is wholly dependent on certain 
obscure conditions of the cell-contents, or, we may add, the watery 
fluids by which they are more or less # bathed, we can easily understand 
how, under the most opposite meteorological or other physical condi- 
tions, a mould-blight may, with alarming rapidity, devastate our crops. 

(b y 7.)— I will now pass onto another phenomenon of muoh interest 
in the natural economy of the mould — this is its periodicity, individual 
aifd specific. In illustrating the periodic evolution of the moulc^ ou 
the poppy, it will be desirable, in the first instance, to indicate the mode 
of arrangement of the leaves of the latter, inasmuch as I will show 
that the periodicity referred to is specially correlated with the leaf oycles : * 
in other words, that the invasion of each spiral cycle of the leaves 
comprises a distinct period of the mouldjs evolution. Now, -the leaves 
of the poppy are alternately disposed on the stem, so that iq» following 
their course from below upwards, we must move in & spiral or borkscrew- 
like fashion. It need scarcely be remarked that, in our ordinary illustra- 
tions of the leaf-arrangement, or phylbUms, as it is technically called, the 
respective cycles have no definite physiological value, any particular 
leal forming the base of a cycle. ~ This, however, is not the case in the 

t 
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subject of our present illustrations : here, we must be guided by the 
serial order of development, and assign to eaoh cycle its morphological 
position and limits-Mts organic individualisation — as the relations of the 
phenomena in question *to thg fuhctions of the living plant can thus 
only be properly understood.* With this view we .must take, as- the 
initial or base of the cycles?, the first true leaf,’ that is, ‘the one 
'immediately succeeding the cotyledonary or seed-leaves, and thence 
proceed upwards # in the spiral line of arrangement. Each cycle is, of 
course, limited by the disposition of a leaf directly Shove that whence 
it originated. Now, in the poppy we have tes make two turns of the 
stem, and pass six leaves, before the cycle is completed. Suoh a dis- 
position of .the leaves is technically terined pentastlohoi\s, the leaves 
being disposed over the stem in five rows — an arrangement indicated 
by the fraction fths, of' which the numerator denotes -the number of 
turns jound the stem^ and the denominator the number of leaves -in the 
vjycle. Now, as I have above remarked, the life history of the mould 
is not, as is generally supposed, one of uninterrupted development 
and extension ; on the other hand, it has distinct alternating periods 
of activity and rest, and, as Lhave remarked, the former have a definite 
physiological relation with the leaf cycles : the invasion of each cycle 
comprising a distinct period of mould evolution. With these expla- 
natory remarks, we will now proceed to lay ^before our readers an 
account of the development and extension of the mould as carefully 
observed on a few of the plots in the Government experimental 
, gardens under my charge in the season 1874-75. 

(b\ 8) — First of all, then, the mould appeared on the cotyledonary 
or 6eed-leaves, and as the stomata are considerably more numerous on 
the upper than the lower surface of these organs, so eorrelatively the 
mould was , more copiously developed on the upper surface. It is 
interesting to observe, in connection with the elaboration and circu- 
lation of the juices of the plant, as generally understood* that this 
minute mould — fastidious to a nicety though it is as to the nature 
and quality of the juices it feeds upon — was equally as flourishing and 
as perfectly fertile on those incipient leaves and crude juices, as on 
those of the maturing plant and its highly elaborated juices. As in 
the case of the latter, however, it is important to observe that it only 
breaks out on the perfectly mature cotyledons : in no instance have 
I observed it prior to the development of one or more cycles of 


* Following ont Goethe’s beautiful idea of Nature’s archetypal plant — vide his book entitled 
u The Metamorphosis of Plants,” and regarding the leaf as the type of all the lateral organs— 
the sepals, the petals, tiler stamens, and carpels — I would particularly draw attention to the con- 
struction and arrangement of the several parts of the flowers, as well illustrating the above-noted 
organic individualisation, or rather, as I should say, physiological integration of the leaf-cycles 
and their homological relations with the leaves. This, I think, is very strikingly brought ont. Thus, 
for example, yye have trimerous, tetramerous, and pentqmerous flowers associated with, and corre- 
sponding to, a ternary , quaternary, and pfentaetichous arrangement of the leaves. True, there are 
many appard®fc exceptions from alterations in the regulaiity and symmetry of flowers, due to 
inheritance of*ancestorial variations', but these, if carefully studied, jnay be generally shows to be 
due to the abortion, union or adhesion, and ultimate irregular development of parts which, is their 
earliest obseivable stages, are alike regular and symmetrical. The physiological limitation of the 
leaf-cycles*(as connected with the above-noted periodicity in the development of the poppy-mould), 
and the homologies of the leaf and the parts of the flower are thus strikingly illustrated by the 
number an& disposition of the flora! organs. This, it may be observed, is a most interesting and 
import&n branch of vegetable morphology, though hitherto almost entirely neglected. 
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normal leaves. The crowded radical leaves are seriatically overrun 
with the mould, and the careful observer will also find even of these 
(of which there are, as a rule, threfe complete cycles) the lowest series 
covered with mould blotches, while the. .upper and younger series are 
unaffected. Poppy, germinating # in Tthe .beginning of November, 
usually •exhibits the mould blotches on the lower series of leaves 

ere the end of the month The above observations, it may be as 

well toTemark, were chiefly made during* the la§t season (1875-76). 
To return now »t# the preceding season. I observed that from the 
period* of the moulds living overrun the lower series of root leaves 
about the beginning of December, it made no further progress until 
"the middle t)f that month;* it then almost simultaneously appealed 
in insulated* specks on all the upper series of radical leaves : at first 
small, they gradually extended, forming by mutual confluence large 
patches, and thus ultimately gave a considerable portion of the leaf all 
the appearance of having been daubed with an e&harotic. It iS note- 
worthy that those mould spots were always clearly defined, and not 
unfrequently limited to. the interspaces between the secondary and 
tertiary veins : these forming clear and sharp lines of demarcation 
between the mould-invaded and uninvaded tissues. The unier-surface 
of those mould patches was, as a rule, covered with copiously spore- 
bearing threads. Thq extension of the mould was in this instancp 
arrested in some six or eight days : this was the beginning of the second 
resting period (Normally, as I find from the last season’s observations, 
this should be considered as the fourth resting period — thus : the first 
after the cotyledons are infested ; the second , succeeding that of the first* 
cycle of radical leaves ; the third , the second leaf-cycle ; and the fourth , as 
above the upper cycle of radical leaves.) With reference to the weather 
during this period of the mould’s activity, we had light east by south- 
easterly winds, no rain ; the sky clear ; heat moderate ; the night tem- 
perature uyusually low (the average temperature for the week being 
34° *7),* and the plants in the morning dripping from, their own 
exhalations in the cold atmosphere. This, it may be remarked, is quite 
a common phenomenon in the cold weather here, and due to the plants 
maintaining a higher temperature than the atmosphere ; so that the 
dew under such conditions, instead of resulting from' the condensation, of 
atmospheric vapour, as explained by Dr. Wells in his classical essay, 
is, on the other hand, the result of condensation of the warmer, 
moisturd-laden exhalations from the plant by the colder atmosphere. 

* (b, 9.) — Passing, then, the fourth periodic rest of the mquld 
(during which I should state there was a continuation of the previously 
noted light easterly winds, a moderate day teftperature, and an 
increase of 1*31° to the mean of the night temperature), it again* 
resumed' its activity in the first week of January, and as it so hap- 
pened, immediately after a light fall of rain — 0T0 of an inch — with a 
westerly wind. On this occasion the mould # attacked and ^overran in 
abotit eight days the lower cycle of the true cauline leaves : Tfchis closed 
its fifth periodic evolution, and was succeeded by another period of rest. 


* The temperature in the above instance, and indeed throughout the treatise, it According to 
the thermometer of Jfarenheit 



148 


OPIUM HUSBANDRY. 


Light south-westerly winds prevailed, . the sky clear, the maximum 
temperature 78*5 ; the average night temperature still low— viz., 35*5. 
There was no rain, though, the atmosphere was moiqt and favourable to 
ve’getation. 

( b , 10.) — This, the fifth periodio*rest of the mould, continued from 
about the middle of January to the beginning of February. • In this 
Interval rain fell on three occasions, the total quantity being one inch : 
light east’and south-easterly' winds continued throughout. The mean 
day temperature was 78*3 ; the atmosphere moist* and favourable *to 
vegetation. In the beginning of February the mould resumed 
its vegetative activity, and in this instance its prey was the second 
cycle of stem-leaves. . It made a very active invasion, ahd in a few 
days the many brown and seared patches on each leaf of the series, 
showed that all again had been simultaneously and very .similarly 
affected. During this period of activity there was 0*20 of an inch 
of rain. The vegetative activity of the mould having nearly run its 
course as the rain fell, it had, however, no appreciable stimulative action 
on the mould, no previously unaffected leaves were subsequently invaded, 
nor was there any marked extension on those already infected ; indeed, 
in .some two days more, the mould again resumed a quiescent state. 
The average night temperature for the period had increased to 40*8° ; 
the maximum day temperature was 79 3° : westerly winds prevailed ; and, 
though the sky was clear, the atmosphere was, upon the whole, moist. 

( b , 11.) — This, the sixth period of vegetative dormancy in the mould, 
# and its seventh and last invasive action, occurred about the middle of 
February. There was no rain in the dormant interval of the 
mould : easterly winds prevailed ; the mean temperature for the night 
was 41*0 and for the day 77*3 (as compared with the average 
temperature for the day in the beginning of the month, the decrease 
was of course due to the change from westerly to easterly winds) : the 
atmosphere continued humid and favourable to vegetation. «The mould 
now invaded the upper cycle of cauline leaves, the plant being nearly 
fully developed ; the primary or central capsules having attained their 
full size, and yielded drug some ten or twelve days previously. The 
leaf injury caused by the mould on the upper cycle of leaves was very 
similar to that on the lower, and in no instance did it appear to have 
impaired, in any marked way, the normal functions of those organs. 
The flowers attained their normal size, the sepals and petals falling 
off in the usual time, and the capsule afforded a fairly copious supply 
of drug. Now, it has been remarked in a previous paragraph that 
immediately after this invasion of the mould in the comparatively 
harmless or spore r bearing form, that apparently from some obscure 
•changes in the juices of the plant, peculiarly favourable to the tegeta- 
tive functions of the mould, the previously uninvaded leaf tissues 
were overrun with barren mypelia, which at once arrested the secretion 
and exudationjtf drug, and soon after the death of the entire plant. 

(i b , 12.)— From ‘the above summary of a series of careful observa- 
tions, there can, I think, be no question as to the correlation of perio- 
dicity im the development of the mould and its fosterer, eaoh periodic 
invasion, of the former being strictly limited to a single leaf' cycle of 
the latter. In its limitation to the fully mature leaves, and in presenting 
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well-marked periods of rest and activity, the poppy-mould appears to 
differ altogether from its ally, the potato-mould, in which, so far as I am 
aware, no such phenomena have /been observed. • It is also important 
to observe that the poppy-mould does not necessarily extend wherever 
a green leaf mati^x presents itself. Tins, as it appears, is a clear proof 
that atmospheric influences have really little to do with the extension 
of the mould, but that, on the other hand, it is largely, if not wholly, 
dependent on the degree of maturation of the matrix ; that isf to say, 6n 
certain peculiar chemical changes which occur in ’the juices of the 
nurse’ plant at that period, and that these are alone favourable to any 
high degree of vital activity in the mould. This is a matter of high 
• importance/ Hitherto, it has been customary to correlate the sudden 
appearance * and rapid extension of various fungoid-blights to certain 
peculiar, atmospheric conditions. Now, there may be some such 
relation in the spread and extension of the truly terrestrial or even 
epiphytal species h but I do think that careful Observations will show 
that this scarcely, if at all, holds in those of a truly parasitic character, 
and especially such as the poppy and potato-moulds, which are wholly 
dependent for their development on a supply of the juices afforded 
by these plants in the period of their vegetation. A s regards the 
poppy-mould especially, I am convinced that its development and 
extension are largely dependent on certain changes in the juices of the 
maturing leaves, though I admit that there are grounds for the belief 
that the particular mode of development — that is, the dominance of 
the reproductive or vegetative function — may be partly due to certain 
obscure atmospheric conditions. This, of course,* is an important 
influence, inducing, as I have shown, in the one case a comparatively 
harmless, in the other a most mischievous, parasitism. 

( b , 13.) — We will now pass on to the phenomenon of the reproduc- 
tion of the mould, or its annual recurrence and extension. Now, 
it is to be observed that what are regarded as the true resting spores 
of the poppy-mould — the oogonia or oospores — have not hitherto been 
detected in this country. In the case of .the potato-mould, organs 
somewhat resembling them were observed many years ago, and 
described as a new genus under the name of Artotragus. Later 
- observers, however, have failed to detect either’ those organs, or true 
oogonia . The presence of the latter for the perpetuation of the mould 
in the potato, however, would appear to be unessential, as portions of 
the mycelium are known to hybemate in the tissues of the potato 
tubers, and resume vegetative activity with their nurse. Now,, it is 
altogether different in the case of the poppy— an annual herb — of whioli 
all that remains to perpetuate it from year to year ifc a very minute seed. 
That these— the seeds — really are the nurses of the mould from ye&r 
to year I certainly have no positive proofs ; but for reasons to be 

f jven in the sequel, I strongly suspect that they do perform that 
unction, and this probably in the following manner : — From the 
progressive development of the mould on the vsCrious cycles of leaves 
from below upwards, I believe that minute particles of the mycelial 
processes are diffused through the tissues of the stem, thence pass into 
the seed, and there in a dormant State await its germination* or, again, 
we may assume that protoplasmic granules from the spores are diffused 
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through the tissues of the plant, remain dormant in the seed, and 
. ultimately effect the inoculation of the germ. Indeed,' in the absence, 
as*far as is yet known, of oogonia and oospores, there is much likelihood 
that the poppy-mould is .thus, very largely reproduced, though lam 
inclined to believe that the conictia arq also largely effective, and not, as 
is generally supposed, merely ^ore-buds — if we may so term* them — 
specially adapted for the seasonal diffusion of the mould. . . . Let us then 
have regard to the latter organs — the conidia . Well, as I have already 
ptated, an opinion prevails that they retain their vitality for very short 
periods ; that they are, in fact, not annual recurrent or resting spores, but 
of fugitive vitality when detached from their living matrix, and specia- 
lised for the immediate jliffusion of their kind. Now, placing* in abeyanoe 
for the present the question of the special function of these organs, it may 
be observed that they are.generally produced in immensei prof usion by 
the Peronosporce ; and moreover that in certain species, when placed in 
water, the zoospores which they emit vegetate in a few hours. Thus, 
in the case of the potato-mould, for example, the zoospores if placed on 
the shoot or leaves of that plant emit germ -tubes, as they are called, 
which at once enter the stomata (or respiratory pores) , rapidly extend 
their mycelium in the inner tissues, • and in a very few hours give 
rise to the fertile or spore-bearing filaments. Now, as every square 
life of the potato leaf may give rise to .some three or four 
thousand conidia , each of which contains some half dozen or so of 
zooywres, it is easy to understand how alarmingly rapid the spread 
of that mould may be on our potato crops. There can thus be no 
question *as to the contagious nature of the potato-mould. The conidial 
contents of several other of the potato-moulds’ allies, I may here observe, 
are also known to vegetate immediately, when placed in favourable 
conditions, and are thus a source of rapid diffusion from affected to 
unaffected*crops. In the case of the poppy mould, however, this does 
not hold ; it would appear to be altogether different, and, evqn though 
an undoubted species of the same genus as those, I cannot regard it as 
thus contagious. In other words, that there is no diffusion of the mould 
by the conidial spores as in the case of the potato and allied mould 
pests. As it appears to me, the periodicity and regular evolution 
of the mould on the leaves, cycle by cycle, from below upwards, 
strongly supports the views above suggested, and are quite opposed 
to the idea of contagion by spore-diffusion. Again, the very equable 
diffusion of the mould on the leaves, and its almost simultaneous 
eruption on each leaf of the cycle, are phenomena favourable to the view 
6f the existence of dormant mycelial gem moo or particles in the tissues. 
No such regulated phenomena could possibly result, as it appears to 
me, if the diffusion depended on the external contact of the conidial 
spores with the leaves. Again, as regards the vegetation of the 
zoospores , water is admittedly an indispensable adjunct. Now, through- 
out the past qgason 1874-75, though the atmosphere was upon 
the whole moist, wer had* very little rain, and. though the upper 
surface of the leaf was frequently dew-besprent u> the morning, 
the lowen was dry, and thus alike unfavourable to the adhesion of the 
conidia and the vegetation of their zoospores . I would, thepefore, 
explain the original infection and individual extension of the mould 
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in the following manner : — Granting, as before suggested, that certain 
protoplasmic granules or mycelial germs of the mould hybernafce 
in the poppy-see^ and that «$iese either directly inoculate the 
embryonic-germ, or simply adhere* to it and resume their vegetative 
activity simultaneously with the parts # of the nurse-seed, and through 
the cotyledons or seed-leaves infect the inner tissues. It is easy to 
see how these vitalised particles may be distributed by the circulatioh 
of the* sap, and thus uniformly burst out from its .vegetative hidus— the 
leaves. Its periodicity and uniformly progressive march* from below 
upwards are really onljj explicable by some such mode of transfusion. 
Again, in the cotyledonhry stage, the young plant may readily con- 
* tract mould-taiirt from the comdia in /he soil, as «I am convinced that, 
under the natural economy of the mould, these spore-buds do retain 
/or one, .or it-may be for many years, theis vegetative functions, and, 
under favourable conditions, give rise to germ-tubes or zoospores. At 
this stage the conditions of growth of the ydung plants arS highly 
favourable to extraneous infection from the conidia , inasmuch as in 
the first and second irrigation, the tiny crops are quite submerged, 
and the comdia are thus buoyed into direct contact with the germ- 
plants. 

(b, 14 ) — While admitting, however, the possibility of extraneous 
infection of the cotyledonary plantlet by contact with comdia , I api, 
nevertheless, of opinion that the reproduction or recurrence of the 
mould from year to year is mainly dependent on the transmission of 
protoplasmic granules, or mycelial particles in the tissues of the see(^ 
Moreover, I am convinced that, in the case of the poppy-mould, an affected 
crop can possibly form a centre of diffusion and extension to sur- 
rounding and previously unaffected crops . I have attempted to «how 
this in previous paragraphs, and I will now add a few experimental 
observations as further supporting it. First, it has been'shoWn that by 
subjecting the seeds of certain plants — cereals, &c.,— affected with mould 
to special alkaline steeps, and subsequently washing them th$t they will 
not produce diseased crops. Steeps of sulphate of copper for example 
are said to kill the spores of the bunt , rust , and smut moulds, without 
causing any injury to the seeds .to which they are attaohed. Now, 
during past seasons I have subjected poppy-seedk to various alkaline 
steeps, afterwards placed them on fine sieves, and exposed them for some 
time to a stream of water, which must, I would suppose, have washed 
off aHextraneous matter. I have also immersed them in weak alkaline 
leys, washed them as above, then soaked in the strong copper suljpbate 
solution, dried in quicklime, and at once sowed them. For the sake of 
comparison, in an adjoining plot I also sowed wholly untreated seeds. 
The results briefly were, that the mould almost simultaneously appeared! 
in all the plots ; nor was it in a single instance a whit less prevalent 
on the steeped than the unsteeped seed-crops. (The only apparent 
exception, as I have subsequently ascertained, is, as I shall explain below, 
in a camphorated-water steep.) Secondly, I Bad the surface* soil to the 
depth of from sis to ten inches carefully removed from two beeghas 
erf land in the jail enclosed garden, Deegah. This heap of surface 
soil was thoroughly charred, and shortly prior to the poppy-seed being 
sown, was again equably spread over the same surface. The two 
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beeghas, thus treated, were sown up in due course with poppy, but the 
mould from its first appearance on the crops that season was quite as 
prevalent on the charred, as on the wholly untreated lands. This 
certainly ought not to have beep the* case had contagion been communi- 
cated by spores in the soil, and thus, as it appears to me # favours strongly 
the view I have advanced on the inoculation of the* embryonic poppy 
by. the mould-germs or particles contained in the seed: these, as I 
believe, forming from* year to year the chief hibernacula of the mould. 

. . . . • . . Thirdly , I made another series* of comparative 

experiments on the above charred and uncharre<J lands. Thus, oh one 
plot I used seeds which had been steeped in a strong solution of Glauber’s 
salts (soda-sulphate). One portion of these I subjected to a severe 
washing in a fine sieve, the other was immediately dried in quicklime, 
and sown on the charred- soil plot. The steeped and washed seeds were 
also dried in quicklime, prior to their being sown, on another charred-soil 
plot. In each instance, however, the precautions we^e utterly futile ; 
the crops from the saline steeped seeds on the charred soil, being from 
the first, quite as seriously infected with mould as those from the wholly 
untreated seeds on the uncharred lands. All this, I think, goes to justify 
the conclusion that germ cells , or mycelial gemmas , do exist in the inner 

tissues of the seed Fourthly , as illustrating the 

reproduction of the poppy-mould from other than the oogonial or oosporal 
organs, I have the following case in point : — Thus in the season 1873-74, 
I had the prison lands in the jail enclosure at Deegah broken up and sown 
yrith district seeds of poppy. Now, it is to be observed that these lands 
are wholly enclosed by a masonry wall 13 feet high, and had been under 
no cultivation for more than thirty years. Moreover, for a considerable 
radius around them there is no poppy cultivation. These lands, one may 
safely assume, could not possibly contain either oogonia or oospores , never- 
theless, even as on the old poppy lands, were the first season’s crops 
overrun with the mould. It should also be observed that the season was an 
exceptionally hot and dry one, and thus highly unfavourable to any form 

of extension by zoospores . , As bearing on the question of 

non-affection by conidia , I have remarked with interest the following 
observation by Mr. M. 0. Cooke. — (Vide “ Microscopic Fungi” p, 159 ) 
Mr.. Cooke, commenting on the Peronorporce, observes with reference to 
the spinach mould — P. effusa — “ that he had lately seen a bed of spinach 
utterly destroyed by it, whilst on another bed, not twenty yards 
distant, not a spotted leaf could be found.” This observation, as it 
appears to me, goes to confirm my views as regards the non-dtjfusioh 
of the mould by conidia in the poppy-affecting species, and thus that, 
in the absence of eked, or cotyledonary inoculation, the crops will not 
Be affected by the mould. It is to be regretted that Mr. Cooke ‘gives 
no history of the plots for the previous year, or of the origin of the 
seeds used on the respective plots. I can give no parallel case from my 
observations on £he poppy, as throughout both agencies the mould is 
everywhere "present on* our crops. . . . . . It is not at all impro- 

bable, however, that the assumed immunity, in Mr. Cooke’s case, may be 
rather apparent than real, and really due to comparisons of nurse-crops at 
different stages of maturity. For ‘example, in the case of the poppy, 
we find that the mould is confined to the leaves at a certain stage of 
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maturity ; so in the case of spinach, a comparison may have been made # 
on succession al crops, the later of .which had not attained that stage* 
of maturity favourable to the development of the mould. 

(6, 15.) — This, perhaps, is as suitable a place as any to introduce 
the results of experiments with camphorated seeds, as related to the 
mould infection. In a previous chapfer I have alluded to these 
results in treating of the stimulative effects of the practice^ of seed- 
steeping, and of cpurse in experimenting will* camphor I had 
simply that end* iu view. I had no idea of its proving *in any way 
a preventive to mould in 0 the poppy ; such, however, it would appear 
to be In Chapter VII I have shown that, while the steep of alcohol 
and camplidn much retarded germinatien, and so Weakened the plantlets 
that not one of them survived the cotyledonary stage, the camphorated 
water, on* the ‘other hand, not only greatly •accelerated germination, 
but also invigorated the young germs I was also struck to observe^ 
as the patch of peppy thus treated grew up, that while all the other 
experimental plots treated with alkaline and other matters were more 
or less seriously affected With mould, the foliage of those camphorated 
seed-plants scarcely presented a trace of it. The experiments, of 
course, are on much too small a scale to warrant our concluding that in 
camphor we really have at last found an effective preventive to the 
peronosporoid moulds on* the crops which they affect ; but they are sd 
far satisfactory, and will form the subject of more extensive experiments 
next season. 

( l ), 16) — We will now pass on to a consideration of .the hereditary ' 
predispositions of the poppy — in other words, the greater liability of 
certain plants than others to the mould affection. Well, in the course 
of my observations on the blight during the past and previous seasons, 

I was much struck with the frequent occurrence of individual plants and 
patches, of more or less extent, seriously affected with the mould, and 
surrounded by # others but Blightly affected ; while, again, even in the 
seriously -bliglited patches, it was not unusual to* observe solitary plants 
which had well withstood the blight. I also observed that certain 
varieties possessed considerable immunity from the mould. Now, such 
phenomena can only be attributable to certain hereditary predispositions: 
individuals naturally presenting greater liability to, or comparative 
exemption from, the mould ; and this, let it be observed, conoomitant with 
healthily constitutioned subjects. I may here briefly specialise a few of 
the cases that have come under my observation. In one instance a plot 
of plants raised from the same variety of seed (and all under the same 
conditions as regards soil, moisture, and general treatment) exhibited 
the curious phenomenon that, while all were really affected with the 
mould, individual plants and small isolated patches here and there* 
presented themselves, in which the mould had so overrun them as to 
oause very serious injury. Instances also were not unfrequent in which 
solitary, and but slightly parasitised, plants appeared amongst patches 
extensively affeotj^d. • Suoh cases are very striking, and clearly indicate 
some sort of hereditary immunity to the infection. Again, we have 
a constitutional idiosyncraoy, correlated with the decoloration of the 
leaf, entailing comparative immunity from the mould. Thus, \he white 
portions on plants with variegated leaves (as we will illustrate fully 
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in a subsequent paragraph) suffer comparatively little from the mould, 
while the adjoining green portions qf the leaf are quite as liable to the 
infection as are those of plants of a uhiform green odour. This compa- 
rative immunity of the white poitions is very striking, and alike interest- 
ing, theoretically and practically, aS we shall hereafter see. .... 
In another instance a variety pioked up in the gardens Here, and 
Well distinguished from f others by its setigerous flower-stalks, 
iB but little liable to the attacks of the mould. Doubtless this 
immunity must have relation to certain peculiarities* in the chemistry 
of the plant’s juices, as the structure and texture of the leaf afford no 
exemptional characteristics. . . In a third variety the comparative 

immunity to the attack of the mould is ’apparently due to the denser 
texture of the leaf, and the smaller size and comparative paucity 
of stomata , which, of cottrse, are the only means of egress for the 
fertile pr spore-bearing filaments. This variety— the kutila — as I have 
previously stated, differs from the others in the thicker ( and denser 
texture of its leaves, which are also deeply divided into several lobes, 
and all less or more cut into narrow segments I particularly observed, 
in the season 1874-75, that it was very much less seriously affected 
with the mould than any other of the generally cultivated varieties, 
and gave nearly twice as much drug as any of those on the adjoining 
plots, though in all respects similarly conditioned and treated. Now, 
this relatively increased yield of drug could only be due to the milder 
infection with the mould, as the variety is not naturally a more 
* copious drug-producer than the others. It has thus, however, evidently 
the advantage of all those in seasons when blight prevails. . . . 

The above illustrations, then, as it appears to me, conclusively prove 
the existence of varieties of the poppy but slightly liable to the 
mould infection, as also individual predispositions, involving greater 
liability to its attacks, and this concomitant with unimpaired health 
and vigour. 

(h, 17 — "We have now to consider the process of decarbonization 
as correlated with comparative immunity from the mould in the oase of 
the poppy. This is a subject of much interest, and one which, I may here 
state, was suggested to me by the .following casual observations,—; first, 
that plants with foliage blotched, or variegated with white, were never 
seriously affected with the poppy mould ; second , that plants growing 
less or more under the shade of trees had also considerable immunity ; 
and thirdly , that those infected with certain root parasites — broom- 
rapes — had a very similar immunity. Now, dissimilar though these 
illustrative observations are, it is to be observed that they have at least 
one quality in common; this is the disengagement of carbonic add 
•with nitrogen in small quantity, and the absorption and utilisation of 
oxygen. This, then, entailing as it must important- changes in the 
chemistry of the plant’s juices* may be Anticipated to have a marked 
influence pn the tiny, delicately-structured parasitic moulds which live 
thereon. The effects are apparent, as we find plants under this 
decarbonizing process much less liable to the attack cff the peronospormd 
moulds? than plants performing their normal respirative functions, t .*• 
giving off oxygen and assimilating* carbonic acid. Let us now specialise 
the instances. 
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(b, 17*) - First, for plants with white blotches or variegations on the 
leaves. In illustrating this class, it may not be deemed superfluous to. 
introduce here a short account oV the phenomena of variegation, as 
explained by Dr. Morren. From lizs observations J then, we learn that 
variegation in leaves is either due.to an alteration of the chlorophyll — 
as the green colouring matter is technically oalled, or the presence of 
air or gas in the intercellular passages. He thus explains the general 
phenomena of variegation, the subject of illustration being a discoloured 
leaf of the common lilac ( Syringa vulgaris ) : — “ In this plant, as with 
many* others, there are seyeral hues which constitute that form of variega- 
tion which we call ‘ marbled / # Some of these tints are pale green, others 
greenish-y el low, or here pure yellow abounds, andjfchere we have pale or 
clear -yellow,* with at last pure white and a brown colour indicative of a 
decarbonisatioji of the tissues. Now, whence these varied tints proceeding 
from the green to the white by numerous intermediate shades ? We 
have dissected such a portion, and the anatomy explains the phenomena. 
We find that the discoloration of the chlorophyll , and the secretion of 
the air between the cellules — the emphysema , from the Greek emphysao , 
to inflate — only affects the - cellular tissue of the superior mesophyll — i.e. y 
the parenchyma or cellular tissue between the upper and lower 
epidermal layers— layer by layer. It thus follows that the first layer 
diseased is the superior ; the second , that which comes below it ; th^ 
third , that further down, and so on. We may therefore perceive why 
the pale green tint is only the index of a slight superficial emphysema ; 
why the greenish-yellow tint indicates emphysema of several layers; 
in short, why the total discoloration of the leaf is only the result 
of a general emphysema , which has affected all the leaf tissues.” 
Reflecting, then, on the important physiological changes involved in 
the process of discoloration of a leaf, we need not be surprised to 
find such tissues, or rather their contents, no longer* a congenial 
matrix f<3r that class of true parasitic moulds which are wholly 
dependent for their sustenance on the cell-contents aud juices of 
living plants. Now, of this class is the mould which causes the 
poppy-murrain. As affeoting the food-stuff then of this mould, what, it 
may be asked, are the special chemical changes entailed in the processes 
of respiration and assimilation as ’performed by decoloured leaves? 
Well, we all know that, under the influence of light, the green parts 
of plants assimilate carbonic acid and give off oxygen ; whereas in 
darkneSfc the obverse largely obtains, oxygen being retained and oar- 
bonio acid rejected. This is also the case with all white or decoloured 
parts of plants, hence the practice of blanching plants to expel bitter 
or noxious principles from the stem and leaves, th# secretion of which 
depends on the assimilation of carbonio acid. The parts of plants unde* 
such oondMons usually contain an exoess of water — sap, and it may be 
assumed that, in the non-assimilation of oarbonic add, the oell-oontents 
will be considerably enriohed in the addifying constituent — oxygen. In 
the process of decarbonisation, then, oxygen absorbed and assimilated, 
and (he oarboniowdcl, mixing with the sap of the plant, is evaporated 
along with its watery matter through the leaves, mid such.are the 
respiratory guoossaee which obtain* in the case of the poppy with 
white-blotched leaves, and as it would appear, delimit the extension of 
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the mould. The diminution of carbonic acid, and the increase of 
.oxygen in the tissues entailing, it would appear, conditions unfavourable 
to the development, .or even the life; of the mould. 

( b y 17 .**) — The* ne^t topic which we have * to illustrate is the 
effects of tree shade* on the poppy as € affecting its physiological relations 
with its specific mould — Peronospora arboresnem. Well, I may at once 
state that even under light shade, the poppy is but little affected by the 
mould, and under somewhat dense shade it altogether repels, it, the 
leaves then maturing and drying up of a uniform strawy-yellow colour, 
thus strongly contrasting with those of thp mould-infested pl&nts, 
which are daubed with blotches of brownish-black on the above 
ground .... The altered chemico- vital processes of plants thus* 
environed no doubt explains the* correlation between plants growing 
under a diffuse light anfi their comparative immunity, from mould. 
Thus, De Saussure has shown that plants even in cloudy weather, as fn 
darkness, inhale oxygen and exhale carbonio acid gas, if long 
continued in such obscure conditions ; whereas wfien exposed to the 
Bun the process is reversed, oxygen being then given off and carbon 
retained for the plant’s nourishment. Again, everybody knows that the 
leaves of plants in shady or dark places become pale, etiolated, or 
blanched. It is thus that starch-yielding plants are so poorly pro- 
ductive when grown under the shade of trees, <^c. Common starch, of 
which carbon forms so large a part— consisting of 36 parts by weight 
of carbon and 45 of water — is developed only under the influence 
of light. “ For this reason,” observes the late Dr. Lindley, “when 
orchard ground is under-cropped with potatoes, the quality of their 
tubers is never good, because the quantity of light intercepted by the 
leaves and branches of the orchard trees prevents the formation of carbon 
by the action of the sun’s rays upon the carbonic acid of the potato 
plant.” Again, light retards germination by causing 

the decomposition of carbonic acid, thus reversing the normal processes 
by giving off oxygen and storing carbonio acid; whereas in healthy 
germination — as in the obscurity of the soil — the seed assimilates oxygen, 
and gives off a considerable quantity of carbonic acid. After germina- 
tion, and as soon as the cotyledonary leaves emerge from the soil, the 
phenomena are reversed ; the plant then exhales oxygen from its green 
Burfaces, absorbs carbonic acid, separating and assimilating its carbon. 
That the process of decarbonization is consequent on the natural or 
healthy germination of the seed is of prime importance, as correlated 
with the parasitism of the mould, inasmuch as presenting conditions 
unfavourable to the vegetation of the latter. Were it otherwise, and all 
the conditions of mould-growth afforded by the embryonic germs, there 
would be great danger of its then utterly destroying the tiny germlets 
. . . ’ . . . . Again, the coloured parts of the flower— the petals, 

the stamens, and the styles— all absorb in considerable quantity oxygen, 
and give off in exchange carbonic acid,. This respiratory process in the 
floral part goes on • during the night as well as in the day. Hence 
remarks Decaisne : — “ The noxious quality of the'auvin a room full of 
flowers,* which is greatly increased by the exhalation of oarburetted 
hydrogen, contributed by the volatile oils, to which the perfume of 
the corolla is due.’ 9 The large white petals and numerous stamens of 
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the opium poppy must thus assimilate oxygen in large quantities, 
and it need not thus surprise us to find that the mould never penetrates 
their tissues. There can thus, as I think, be no doubt that the com- 
parative mould-immunity of variegated poppy plants, as also those 
growing under shade, is wholly attributable to the respiratory pheno- 
mena as above explained : the highly oxygenised juices and cell 
contents of plants thus conditioned, presenting a nidus altogether 
unsuited to the requirements of the parasitic mould. • 

(b 9 17.***)— .Our next and last topic for consideration, under the 
abdve head, is the comparative mould-immunity of poppy infected with 
the common, root-parasitic, broom-rapes. . This, it must be confessed, is 
no great gain to the poppy, inasmuch as thosg broom-rapes, though 
never causing the devastating bligfits consequent on the extensive 
invasions of its tiny congener, the Peronosporq arborescem , yet depending 
as they do on the assimilated juices of their fCsterer, they so exhaust 
the latter in the post-floral stage, as to more or less suddenly arrest the 
excretion of drug, and cause the whole plant to dry up and ripen prema- 
turely. It is to be observed, however, that poppy, even seriously infected 
with broom-rapesy may, and indeed generally do, vegetate quite as 
vigorously as do unaffected plants : the evil effects of the parasite 
appearing only in the post-floral or drug-yielding period. The species 
which affect the poppy § as I have previously stated, are the Orobanche— 
Philipcea- indica and 0. cernua : the former prevailing less or more 
generally over the opium districts of both agencies ; the latter nowhere, 
I believe, common on the poppy, though proving a very general and^ 
often serious enemy to the tobacco plant throughout the ‘above districts." 
It may be worth while to give a short account of the development 

and parasitism of the broom-rapes on the poppy The 

seeds are extremely minute and produced in very great abundance, each 
plant, when in full vigour, producing several millions 
The germination of the seed is peculiar, but I have yet had few oppor- 
tunities to study it carefully. The following outline is thjus but very 
imperfect, and entirely from my own observations, as I do' not know 
of any published account from which I can glean further information. 
The seed, as I have remarked, is extremely minute ; the testa , or skin, 
thick and neatly reticulate, enclosing a copious fleshy albumen : at the 
base rests a minute embryo, which, from some arrest in development, 
simply consists of an ovoid knob of cellular tissue, alike destitute of 
cotyledons and radicle. The earliest stage of germination — or I should 
rather say of vegetation— observed as yet by me, presented the seed 
with a minute cellular knob protruding, and giving off from its base a * 
slender radicular process. The knob is void of •soales or anything 
resembling leaves. I have not observed it undergo any further developr 
meat. The thread-like radicle, on the other hand, extends frequently 
to some little distance, in search, as it would appear, of the. roots of a 
nurse plant ; this found, it readily affixes itself, it may be on the 
very neck of the nurse, lower down on thfe main root, or on some 
of its ramificatians. * In either of the first forms the parasitism is 
severe, the parasite — having then direct access to the 'main •nutrient 
store its a«we*«©wing with great rigour: on the othqr hand, if 
on the branches of the root, it rarely acquires much vigour, and indeed, 
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if at all distant from the main root, it really causes no great injury 
to the poppy. It may be as well to remark here that the parasite 
cannot form any attachment with a .dry or hardened portion of the 
root ; it is only on the soft developing parts that it fixes itself. At 
the point of contact betw.een the ^hizomoid process of the parasite 
and the root of the nurse plant there is an enlargement of both, 
and the apex of the former becomes quite fixed and partially 
embedded *in the latter ; thecadioular connection with the seed now 
withers and dies. The base of the rhizomoid process enlarges and 
forms a tuberoid body, from which proceeds a # slender stem, or rafher 
scape, and a few abortive root-like processes. This primary scape- 
like process never apparently acquires much vigour, • being generally 
arrested in an early stage of development by the stronger shoots 
which spring out from the fuberoid base. The active or absorbent root- 
prooesses of the parasite, it is important to observe, lie in and never pene- 
* t*ate beyond the cambium layers. Those found in the interior woody 
layers having simply been embedded by the exogenous enlargement of the 
root; just as occurs, for example in the case of tjie mistletoe suokers in its 
fosterer. As the old roots, however, are thus successively embedded, 
new ones spring out, invade the cambium layer, and thus afford a 
continued and copious supply of nutriment. The tuberoid rhizome 
of the parasite often acquires a large size, and gi^es off numerous scapes 
of from six to twelve or more inches high. These begin to flower about 
the same time as the poppy, and as I have said, when the parasitism 
is severe, — that is, when the attachment is on the main root, — 
'cause a considerable reduction in the yield of drug. With this sketch 
of the development, &c., of the parasite, we will now illustrate the 
physio- chemical correlations of this mode of parasitism with the nurse 
plants comparative immunity from its leaf-parasitic enemy, the 
mould — Perohospora arborescens. Now, it has been shown by various 
authors that those root or brown parasites , as they are called, vegetating 
in atmospheric air, produce on that air very different ♦modifications 
from thos5 of green plants in analogous situations : in fact, they 
promptly vitiate the air, either by absorbing oxygen to form oarbonio 
acid at the expense of the carbon of the vegetable, or, airain, by 
directly disengaging .carbonic acid 'in various ways. “ In every stage 
of their vegetation,” remarks Lory, “ all the parts of these plants, 
whether they are exposed to solar light, or whether they are in the 
dark, absorb oxygen and give out carbonic acid in its place.” Tliis, as 
suggested by Dr. Lindley, probably explains the fact of brown parasites 
*and fungi (which are characterised by like respiratory phenomena), being 
so universally destitute of green colouring matter, which we know results 

to om the decomposition of carbonic acid gas Now, in 

reflecting on the physiological relations of those root-parasifes to their 
foster-parept, it is obvious that they jnust seriously interfere with 
the normal functions of the latter, by the continued* withdrawal and 
waste of carbonic acid, which they oan only derive from the nutrient 
sap of their nurse. Well, in the way above explained, this excessive 
extraction of carbon, as leaving a proportionate excess of oxygen, will 
induce vqry similar alterations in the chemical composition of the 
nutrient juices to those already reoorded, as obtaining in plants with 
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white variegated leaves, and those growing under the shade of trees. 
Obviously, then, there is a oomplete concurrence in the evidence of the 
above illustrations, .and this confirmative of the -view that, while the 
normal respiratory processes of the leaf are favourable to the develop- 
ment of the poppy-mould, those oi an abnormal character, entailing the 
exhalati6n of carbonic acid, and the absorption and assimilation of 
oxygen, are, on the other hand, highly unfavourable to its extension.. 

(&, 18.) — Relations of the poppy-mouM to the morbid appearances 
of its nurse-plaift.* * “ Fungi,” observes Mr. Berkeley, * 6 were long 
regarded as the mere creatures of putrescence, and therefore the conse- 
quence , not the came , of .disease. A more intimate acquaintance with 
* their structure and habits has, however, removed# much of this preju- 
dice, and almost everyone now is reacly to acknowledge what a weighty 
influence, they have in inducing diseased conditions, both in the animal 

and vegetable organisms Though, like other minute bodies, 

they may obstruct.the minute cells of the lungs, “there is no reason to 
believe that they induce epidemic disease, such as cholera or influenza, 
according to a once somewhat prevalent opinion, whatever their abun- 
dance may be, or however easily they may be collected, as some assert, at 
the mouths of sewers, or in other situations likely to induce miasma.” 
The parasitism of those microscopic pests assumes two very distinct 
modes — firsts the endophyllous and endocauline , terms respectively indi- 
cative of the invasion of the inner tissues of the leaf and stem by the 
mycelium of the mould ; second , the epiphyllous , the hypophyllous, and 
amphigenus , of which in the first and second the mycelium spreads respeo- * 
tivaly over the upper and under surface of the leaf and in the last 
indifferently over the outer surface of all parts of its fosterer. Now, the 
second class (which includes, amongst many others, the now too well- 
known mildews of the vine, the hop, and the rose) may in most instances 
be mitigated, if not always suppressed, by simply dusting thfc affected 
plants with sublimated sulphur. Smut, bunt , rust , fyc., e. g., as belong- 
ing to this fclass may, as we have seen, be less or more, effectively 
suppressed by simply steeping the seed-grain in solution of mineral 
salts, and drying with quicklime immediately before sowing. The 
whole of the epiphyllous series are thus, indeed, less or more amenable 
to the remedial or suppressive measures adopted* by the agri-hortioul- 
turist. The other series, however — the endopkyllous and endocauline — 
have ^litheito run their course of destruction in spite of all so-called 
remedial or suppressive applications, invading, destroying, or at least 
permanently injuring the inner tissues of their fosterer, ere they .emit ^ 
their serial or spore-bearing shoots : the ordinarily prescribed remedies* 
have thus proved altogether useless. Obviously, thin, we have hitherto 
been greatly at fault in the treatment of the latter class of fungoid 
affections* and this in not directing ourselves to the chemistxy of the 
fostering or nurse-plants, and by special applications (aeid y . salme, 
or alkaline) to the plant, induce, if possible, such chemical or con- 
stitutional changes .as will render them no longer favourable to the 
development of the mould. I have illustrated the effects of chemical 
changes in the cell-tissues and oontenia of ihe poppy in correlation with 
its mould, riMf'hiW no dotibt that a series of judicious experiments, 
from this point of view, would enable us to contend sucotoifully with 

I 
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the most inveterate and hitherto irrepressible forms of fungoid affeotions.* 
I would here specially direct attention to those of the potato and silk- 
worm, the former as being unquestionably caused by the Perenospora 
infestans, and the latter— rthe wpll-known muscardine —by a species of a 
cognate genus, the Botrytis bassiana , a fungus not confined 
as it would appear to organisms with an cerial respiratory system , but 
even affecting those of an aquatic character, as gold-fish , .frogs, &o., in 
their diffeitent stages.- The fold-fish fungus was formerly regarded as an 
algae, and best knotfn as the Adilya prolifira ; but/ according to one 
of the highest mycological authorities — the Bev. M. J. Berkeley— it 
is nothing more than an ‘aquatio form of Botrytis bassiana of 
muscardine notoriety.- . . . . . As regards the potato and its 

mould, observations have been largely directed to the selection of 
varieties constitutionally »un suited to the mould, and this certainly 
with some little temporary success. By directing attention, however, 
be the bhemistry of the plant, and in the first instance making careful 
observations on the effects of the mould on plants with variegated 
foliage, I do think a more permanent success might be attained. It is 
indeed highly probable that the tubers of such plants would, in the 
first instance, be very watery from the diminished secretion of starch, 
but I do not doubt that, if the mould could thus be driven from its old nurse, 
a*, careful and continued selection of the most copious starch-producers of 
the new race would again redeem the quondam starch-yielding quality. 

If I am not greatly mistaken, we have in this correlation of 

.the processes of oxygenation and decarbonisation on the one hand, and 
the degree of infection by the mould on the other, an explanation of 
the following phenomena remarked upon thus by the late Professor 
Johnston: Commenting on the peculiar qualities of different varieties 
of the potato, he says : — “ These varying proportions of starch are of 
much moment to the practical farmer at the present time, inasmuch as 
the certainty of the growth — exemption from murrain being, I presume, 
implied — of the potato , when used as seed , appears to be the greater the 

smaller the percentage of starch .” A passing suggestion on the 

silk-worm and its mould-pest : the poppy, the potato and the silk-worm 
moulds, as we have seen, are all very. closely allied, and we may thus, as 
I think, safely assume a considerable similarity in their chemical 
propensities, i.e. their likes and dislikes, as in the case of the poppy-mould. 
We have, 1 think, afforded unquestionable evidence of its particular likes 
and dislikes. Reflecting then, on this, and the great and continued 
ravages of the mould-muscardine in one or other of the many 
silk-rearing districts — in all parts of the temperate and tropical zones — 
from season to seasfih, it is certainly desirable that experiments should 

• la the above mode of sappressing the Peronospora tribe of moulds by artificially inducing 
alterations in the plaut’s chemistry, we have aa analogy in the therapeutical treatment of various 
s kin -diseases which are primarily due to the attack cf parasitic fungi. Commenting on the 
relation of fungi to certain cutaneous disorders, Mr. Berkeley observes that'" a tew spores rubbed 
into the skin, or inserted in it, soon produce the disease known by the name of Porrigo lupinosa, 
and experiments have lately been made which tend t-> show that this immediate influence is greater 
than has been generally suspected Dr. Lowe has induced skin-diseases b j inoculation with the 
granules of yeast, and he is inclined to attribute a great deal more to the agency Of fun$i than has 
hitherto beet! allowed .—-(See Lancet, 17th September 1869). An exact knowledge of their influence, 
whether externally or internally, meanwhile is producing a better mode of treatment, each salts 
being administered with good effect aa are fatal to fungal growth.—'* Outlines cf British 
Fungology.” 
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be made on the effects of feeding the silk-worm on leaves of the 
mriegated mulberry, or the younger, inner, and less or more blanched • 
leaves of the lettuce.. It would an inexpensive experiment, and 
may probably afford results of high importance* to the silk-grower. 
Other herbaceous plants, with perceptible acid qualities, might also be 
tried as •food-stuff's* I need not dwell further, however, on these 
topics in this treatise, though I do hope the suggestion will not bp 
altogether lost sight of by any of my readers at aU interested in the 
above branch of • industry Let us now pass on to a con- 

sideration of the relation % of the mould to the poppy-blight . The influ- 
ence of parasitic fungi to induce disease in perfectly healthy tissues is 
now a well-known, and indeed generally admitted, fact, and of this 
I have unquestionable evidence in the case of the poppy. The follow- 
ing instance will serve to illustrate : — In the season 1874-75, prior to 
the outbreak of mould in my experimental plots, all the more 
advanced crops were in good health and vigour. They also continued • 
in fair health even after the mould had bespeckled less or more every 
leaf ; but during that period the mould, it is to be observed, was .copiously 
fertile . “Now, as I have already explained in this mode of development, 
the mould-parasitism is comparatively innocuous : the spawn or 
mycelium, apparently exhausted of its juices by an excessive fertility, 
simply dries up with .its matrix, transmitting no infection to the # 
environing or uninvaded tissues. Subsequent to this, however, the mould 
assumed a decidedly virulent form of development ; it ceased sending out 
its fertile or spore-bearing branches, and a barren mycelium appears to have 
invaded the whole leaf-tissues, which, in its decay, caused' the death of 
the whole leaf. In many cases I have observed plants comparatively 
healthy one day, thus suddenly overrun with a barren mycelial 
growth, withered and dead by the close of the following day. Under 
such circumstances, had the weather been cold and damp* I feel con- 
vinced thtft the blight would have rapidly assumed a very serious 
character. As it was hot and dry, however, the plants simply 
withered and dried up. 

( b , 19.) — Presumed periodical recurrence of the mould affection on 
the poppy in a virulent form. This is an important topic, to which 
my attention was first drawn in looking over a table drawn up hy 
Mr. Abercrombie, as an appendix to Mr. Money’s memoranda, on the 
opium conference at Patna in July 1873. In this table the average 
drug returns of the Gya and Tehta divisions are shown — from the 
season 1851-52 to 1872-73 — by way of comparison with those from 
three districts to which opium culture had been only lately introduced. 
In going over these, I was struck to observe that ihey exhibit very 
regularly a minimum (beginning with the unquestionable blight season # 
of 1870-71) return of drug every third or fourth season. The 
apparent exceptions would, I ajn sure, be fully explained by a com- 
parative examination of local weather conditions, which, §f course, are 
most important factors in such deductions as the abote, ^ . * . . \ . I lay 
the mo^strees;Oxi^ these periodical minimum returns in the Gya and 
Tehta dinsionsirom the following observations : — Thus, taking, as a 
starting-point theseason 1870-71, when we know that Wight seriously 
devastated the p<%|>y— this was in the litter end of February and 
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March — I pass on to the following season, in which, from personal 
inspection of the crops generally throughout the Behtar Agency, I 
know that mould was rare in the Extreme on the poppy. In 1872-78 
it was locally prevalent,, but nowhere caused any damage to the crops. 
In 1873-74 it was everywhere abundant in a highly fertile form, 
but, as I have remarked, it did not even then 6ause any perceptible 
decrease of drug. We now pass on to the season 1874-75. This 
season I observed .that mfould Was very prevalent on all the crops 
which I had visited, but assuming as it did a highly fertile mode of 
development until the close of February, it did not at all alarm me as 
in the preceding year ; it f did not in any tangible way detract from 
the vigour of the crops. About the beginning of March* however, it 
assumed a different and decidedly virulent form of development. This 
was in producing a barren mycelium only, the results of which, as I 
have already shown, were the sudden arrestment of drug-secretion, and 
ultimately the premkture death of the whole plant. This resulted in 
a decreased average return of Is. 7 \c. per beegha on that of the pre- 
ceding year ; and I am strongly of opinion that, but for the prevailing 
drought, it would have fallen quite as low as that of 1§70-71 — 
that is, 3«. 12c. per beegha. From these personal observations 
I was thus rather prepared for the periodicity in the mould attack, 
B of which we are afforded unmistakable evidence in the Gya and 
Tehta returns, for the last quarter of a century or so. In conjunction 
with my own observations, these crop statistics indicate intervals of 
from three to four seasons in the appearance of the mould in a more 
or less severe! blight form. * Admitting, then, the operations of a law of 
periodicity, I would explain the apparent triennial or quadrennial 
recurrence of mould in a virulent form, thus : — First, I am led to assume, 
on a careful reconsideration of the results of all my observations and 
experiments, that the degree of virulence, or at least the particular 
form — i. e. the dry, or humid, and rotting * — is to a certain extent modified 
by prevailing atmospherical conditions during the latter stages of 
the mould’s maturity, . which, as a rule, is from about the close of 
February until the middle of March. Again, however, in seasons 
when the mould has attained a very extensive development on the 
crops, it, irrespective of the weather, tends to induce certain obscure 
chemical changes in the cell-contents and juices of its fosterer, which 
would appear to entail an active resumption of the vegetative junction 
and the complete abeyance of the reproductive. Now the mycelium or 
spawn is the sum total of the mould’s vegetative system, and on this Its 
organizing forces are concentrated, until it exhausts itself by complet- 
ing the invasionof all the previously uninvaded leaf tissues. At this 
stage, then, as I believe, the weather largely affects the results. Thus, 
should dry aud hot weather prevail,* as it did in 1874-75, *the parasite 
und its fpsterer will less or more quickly dry and wither up, and, 
according to # the stage of maturity of the fosterer at which this mar 
ocour, will tile mould be less or more prevalent in the following season’s 
crops. Again, should a low temperature prevail with damp and 
cloudy weather at the above stage, the probability is that we will have 
a -most .virulent blight: the mycelium then rotting and exciting a 
;ua*i-fermentation in the leaf-tissues, so that the whole Darts of the 
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plants suddenly become soft and putrid. This appears to have been the 
case in 1870-71. Now, it would appear in those virulent and moist, 
modes of development a very largja proportion of the protoplasmic 
granules, or mycelial particles (on ’which the. recurrence of the mould 
from season to season mainly, as I believe, depends),’ are doubtless des- 
troyed by the prerftature death of the* foster plant; hence we may 
anticipate that the following season’s crop will be but very sparingly 
affected* with the mould. Again, on the foregoing hypothesis, as the 
mould attains its periodical crisis, so to speak, under dry -and hot — 
or tho converse, a moist # and low — temperature, its triennial or qua- 
drennial recurrence in a really virulent form f may be predicted. That 
there has be$n such periodical fallings off in the average drug returns 
is, I * think, clearly enough shown irf column 16 of my table ( vide 
Appendix, table L.) of the average returns /)f the several divisions 
oi the.Behar Agency for the 24 seasons ending 1874-75. This column 
gives the average of the five divisions south of the Ganges. I* have • 
excluded all the north Gangetic divisions as comprising a considerable 
proportion of naturally irriguous lands, and the returns from which, as 
might be expected, are extremely variable, the crops being of course so 
largely dependent <>n season and weather Again, in column 13 of the 
above table, 1 have given the general average of all the divisions of 
the agency, and in column 14 those of the three north Gangotio # 
divisions, in which the lands nearly all retain sufficient natural 
moisture for the maturation of the poppy — these *are Tirhoot, 
Motiharee, and Bettiah. By a comparison of the returns from these 
divisions with those of the two succeeding columns, it will be seen at a 
glance how poorly and irregularly productive they are. . . . Column 15 
shows the average of the three north Gangetic divisions, in which con- 
siderably more than half of the lands require regular irrigation. It 
will be observed that, relatively to those of column 14* there is a 
considerably higher rate of production, while at the same time they do 
not attain that of the universally-irrigated districts on tfie south of 
the Ganges, the results of which are shown in column 16 of aboVe table.* 

(b, 20.) — I will now briefly notice a few other parasitio fungi, less or 
more common on our poppy crops, and the opium itself, in the godowns. 

(а) — Sporocybe . — A genus affecting the decaying parts of plants, 
and usually forming a blackish stratum thereon. The species have erect, 
simple, or branched peduncles, terminating in a capitate head studded 
with sabres. The species found on the poppy much resembles the 
S.9 bulbosa , chiefly distinguished by its rigid, erect peduncles, slightly 
inflated at tlje base, and ending in a globose head of brownish-coloured 
spores. As affecting only the dead organs of the poppy, it is, of course, 
quite innocuous, and only alluded to here as being of oommon occur- , 
rence on th& decaying parts. 

(б) — Helmintho8porium . — TJhe species of this rather extensive genus 

of dark threaded moulds affect rotten wood and the decaying parts of * 
plants generally. They have a gelatinous or indistinot mycelium, from 
- . - .—- 1 — 1 ■ — — •» — 1 — — 

• % regret to state that the mould abounds in all the more advanced props tibia season, even 
now— December— bat this in the fertile mode, so that it is not likely to cause mmh injury tothe 
crops. From its past history, however, we may alnpst with certainty anticipate its dev&opmeut in a 
dtyor moist blight tom, according to the state of tfce weather, next season. 
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which spring up erect, rigid, fertile filaments, terminating in large less or 
'more elongated, often club-shaped, many-septate spores of a brownish- 
black colour. The * species oocurripg on the poppy has erect septate 
filaments, with oblong and club-shaped, 6 to 10 septate spores. 

(c) — Macrosporium.-^& genus t affecting similar habitats to the 
preceding, and distinguished? from it by its larg'e, transversely and 
vertically septate spores. Species of this genus are very abundant in 
India, but are perfectly innocuous to vegetable life, springing up only 
on the rotten or ‘decaying parts of plants. The** spores of this and 
the preceding genus afe among the most abundant of the organic 
products found in the examination of the air at Calcutta. 

(d) — Cladosporiunu — A genus affecting both decaying animal and 
vegetable substances, and found in nearly every habitable part of the 
globe. C. herb trim is the species found on the poppy, forming thereon 
olive-green patches, which consist of jointed microscopic threads more or 

• less vatHcose, simple, “ or branched, and bearing on their sides oblong or 
elliptic spores of an olive-colour, with one or two transverse divi- 
sions. It is very common on the older gummy exudations of the poppy, 
and also frequent on the injured capsules ; indeed, on all injured or 
decaying parts. 

( e ) — Aspergillus* — A genus found everywhere on decaying sub- 
stances and accelerating decomposition. A well-known species is the 
A. glaucus , which forms the blue mouldiness on cheese. It is distin- 
guished by its*necklaees of spores, rising from a less or more globular 
head, and supported by erect, septate, microscopic threads. 

( / ) — Dactylmm . — A genus of thread-moulds found on the decaying 
or living tissues of plants and animals. The species are distinguished 
by their erect, jointed, and branched hyaline threads, bearing at their 
tips septate spores. 1). ro**ntn , the species found on the poppy, is thus 
described by the Rev. Mr. Berkeley : — “It consists of a creeping mycelium, 
from which arise short erect threads, crowned above with a few obovate 
uniseptate spores. The mass is first white, but at length acquires a 
pale rose colour, by which it is readily distinguished. The plant grows 
very abundantly on various objects, whether dead or living, and is 
sometimes highly destructive to cucumber plants, forming broad patohes 
on the leaves and stems. It occurs also not un frequently in closed 
oavities, as in nuts, to which it must have made its way from without 
through the tissues. A solution of bisulphide of soda 9 ^or r indeed 
anything which contains sulphuric acid, will facilitate the destruction 
of this mould when requisite.” The pale rose-coloured patches bf 
this mould are very common on the poppy in moist, wsypm weather, 
occurring alike oa the leaves and stems, and in the interior of the 
< capsules, then densely webbing the seeds. It is very common in capsules 
which hfive been injured by grubs.' In the opium godo^ns, indeed, 
tfs on opium everywhere, when exposed tp a moist and high temperature, 
it evidently finds a favourite nidus 9 covering the surface with its rosy 
web, when left for 'any time undisturbed. Dr. Durrant, the present 
Principal Assistant in the Behar Agency, however, informs me 
that it does really no injury to the opium. His only fungoid 
dngad is the black-mould— MuceK{ mucedo—whioh will be subsequently 
described. 
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(g) — Sporotrichmi . — A genus of obscure thread-moulds, affecting 
decaying vegetable substances. They have tufted, jointed, ascending 
threads, with spores at first conce^d, simple, and scattered. A. species 
apparently belonging to this genusds fdbnd on the roots of J;he poppy. 
It ocours in oblong or roundish patches # of a. strawy colour, the threads 
forming a closely *woven web, and bearing numerous minute sub- 
globose spores. Plants with their roots affected by this mould have been 
sent me by the Sub-Deputy Opium Agent of Cjiuprah. The plants 
had withered in th^ground ; the roots were covered with the above 
motlld, and had assun^ed quite a dry and woody texture. I suspect 
this mould had been the main cause of the destruction of the plants. 

(h) — Jrichoderma . — A genus found on* decking wood and other 
parts of plants. It is characterised by a roundish peridium, composed 
of interwovep, branched, and jointed filaments, at length disappearing 
in the centre ; spores minute and spread over the disc. T. riride is 
not at all unfrequent on the base of the stem and roots of the popp^, 
but generally confined to diseased or injured parts. It forms roundish, 
intertan gled tufts of snowy- white threads, on which rest numerous 
globose spores of a dusky-green colour. 

(i) — Mucor. — The typical gei^us of the mucorinous moulds, charac- 
terised by a globose sporangium, into which the tip of the stem often 
enters in the guise # of a clavate columella, and indefinite sporidia 
produced irregularly in the cavity : the spores are mostly elliptic — 
(Berkeley.) .... M. mucedo is the blackish- coloured mould so frequent 
on the opium shells during moist weather. It has a dense cobweb-like 
mycelium, consisting of tubular, jointed, simple threads, which bear at 1 * ' 
their apex a roundish membranous spore case, at first white, but which 
ultimately with the spores assumes a brownish-black colour. Dr. Durrant, 
the Principal Assistant in the Behar Agency, refers to it as the only 
serious cause of injury to which the China opium cakes ftre liable. It 
appears to destroy the aroma and other physical qualities of the opium 
if allowed to* affect it seriously. With regard to the conditions favour- 
able or otherwise to this mould on the cakes, Dr. Durrant remarks : — “ I 
am much inclined to attribute it to the use of an undue proportion 
of lewa, :• s it is a well-known fact that all adulterated opium of the kind 
and quality generally confiscated as unfit for use, if kept for a short 
time, will generate this fungus to any extent. This fungus also may 
be seen to perfection during the rainy season on the surface of all 
contraband opium classed as fourth quality, which, as a rule, is chiefly 
•composed of foreign extracts, and is kept in large wooden boxes until 

destroyed. The only remedy for infected cakes is to strip off at * once 
all affected parts of the shell, and to replace it i>j a new one well 
smeared with fresh lewa.” A moist and hot atmosphere is peculiarly 
favourable to its devlopment and rapid extension, and really the only 
practical mode of suppressing it, for example, in our opium godowns, 
as in other dented structures, is to supplement free ventilation* with a 
perfectly dry atmosphere — conditions which, throughout* the rainy 
season at least, <*could only be secured by introducing hot air pipes or 
other heating apparatus into the godowns* . The Mach mould js of that 
olass technically called hysterophutts, \ which chiefly affects dead or 
decaying mattery and, Uke maj^ others characterised by a high 
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selective power, absorbing and assimilating nutritious and rejecting 
noxious matters, so as to flourish amongst the most poisonous of chemical 
substances, if not of # a corrosive nature. It is thus useless to attempt 
its, suppression by the artificial Application of mineral salts, &o., to its 
nidus. • % 

5. The injuries caused by insects. — The following are the most 
destructive of the insect pests with which the poppy has to contend 
in~one 01 ; other stage of i^s growth; some of them attacking the 
plant in the .field, others infesting and causing mue^ ip jury to the seeds 
in the rainy season in their store-pots. 

( 0 ) — Noctua . — The caterpillars of two # species of dart-moths, 
apparently belonging to the genus Noctucu, are rather serious enemies to 
the poppy. The caterpillar of thfe first species is somewhat cylindrical 
and depressed above, from 1£ to 2 inches long, and rather stout in propor- 
tion to its length. It is of a dull greyish-brown colour, with two lateral 
stripes of a pale lilac colour. The head is horny, with the eyes and jaws 
black. When fully mature it buries itself in the soil* forms an oblong 
cell of earth, about 1£ inch long by f of an inch deep, and therein, in due 
course,* changes to a rusty-brown-coloured chrysalis. The upper wings 
of the moth are a glossy greyish-brown, marked somewhat like the 
gamma-moth; the under wings ash-grey, the horns pectinated, the head and 
collar greyish, the body similar to the upper wings, r or rather darker. The 
caterpillars of this species prove especially destructive to the young crops 
in dry seasons ; then often so abounding as to strip beegha after beegha 
of plants in a few nights. Their ravages, however, may be very effec- 
tively checked *by dusting the young crops over with quicklime, or a 
mixture of that and finely -powdered charcoal. In the common crow and 
the mynas these caterpillars have serious natural enemies. During the 
day they rest in their burrows, but are readily dislodged by irriga- 
tion, and £ven appearing on the surface in moist cloudy weather. It is 
curious to observe that, while a dry westerly wind prevails, the crows 
and mynas (ever vigilantly haunting the caterpillars^- follow the 
tract of the irrigator, whereas with a moist easterly wind they are 
indifferently dispersed over the field, well aware that their caterpillar 
prey are then everywhere near, or on the surface. 

(b) — Noctua sp . . 2. — The caterpillar of this speoies varies in 
shade from dull-green with transverse brownish bands, to ash-colour, 
with central and lateral stripes of ashy-brown. When full grown it 
is from an inch to an inch and a quarter long. It then bores its wa^ into 
the stems and capsules of the poppy, and changes into a reddish-brown* 
•coloured chrysalis, from which it emerges in from six to eight weeks 
as a moth. The imiividdlds of the latter differ considerably in colour : 
one series having , both upper and lower wings of a pale brownish 
yellow colour, with a broad intramarginal band of dull-brown*; a second 
series , have both upper and lower wings of a dull silvery-grey, with a 
mouse-coloured intramarginal ‘band ; whereas the third series have 
the upper wings of a pale olay-colour, the lower tawny-grey, with an 
intramarginal band of smoky-brown extending OFer both pairs. 
In repose the wings are horizontal ; and, from tip to tip, about li to If 
of w inch. The caterpillars of this speoies attack the maturing poppy, 
feeding alike on the leaves and see|s. The young caterpillars are of 
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a nearly uniform dull-green colour, and these may be found on the 
lower surfaces of the leaves. With the maturing plant they gradually 
acquire a dull- ash colour with lateral stripes of ashy-brown. They then 
chiefly affect the maturing capsuled, selecting, only the drug-exhausted 
class, which they quickly bore through, quartering in the interior and 
feeding # on the see®. A single caterpillar will eat, or at least render 
useless, the whole seed contents of a full-sized capsule ere attaining its frill 
maturity and changing to the chrysalis. Ibis interesting to observe that 
the caterpillars • carefully avoid the younger and drug-containing 
capSules: the milky juige of which, as I know from experiment, has a 
strong narcotic influence on tljem, that being tor some little time preceded 
by quick convulsive-like twitchings. ... In the caterpillar and 
chrysalis state this moth is vigilantly "hunted by the “ Ab-lak Myna ” of 
Jthe Hindoos, .the Sternopastor contra of the ornithologist. The cater- 
pillar, affecting as it does the lower surface of the leaves of the advanced 
plant, and the interior of the capsules, can oflly be kept artificially 
in check by hand-picking. 

(< c ) — Acheta.— The prickets, as this familiar genus of jsaltatorial 
orthopterous insects are * popularly called, are closely allied 'to the 
grasshoppers and the locusts — those, periodical scourges of the vegetable 
kingdom in all tropical and intertropical countries. One species of 
this genus, much resembling the common field-cricket of Europ§, 
A. campesiris , often commits sad havoc on the young poppy crops, 
its ravages extending from about the middle of November to the 
beginning of January. This insect carries on its depredations chiefly, 
during the night, and secretes itself in the soil during the day. It 
is of difficult suppression, and ever tends to increase in all tracts 
of country where there is an absence of forests to harbour their 
natural suppressors— insect-feeding birds. This oricket has, however, 
also vigilant foes in the sand- wasps and the chrysida or" golden- wasps. 
The only simple and really practical mode of mitigating their ravages 
is to dust tb® young crops with a mixture, in about equal parts, of 
finely-powdered charcoal and quicklime, repeating as may appear 
necessary, until the young plants have got beyond the stage of the 
cricket’s attack. 

(d) — Gryllotalpa, the technical name of the genus to which -the 
well-known mole-cricket belongs, also familiarly known in Eugland 
as the churr or jarr-worm, and the eve-churr or earth-crab. It is the 
“ oo-chingrali” of the Bengalees and the Hindustanees ; the Gryllotalpa 
* vulgaris of the entomologist. “ It lives chiefly under ground, and is 
perpetually on the move, burrowing like the mole, and, even like it, # 
throwing up heaps of soil from its tunnels. The full-grown insect 
measures fully two inches in length and four lines in breadth. The female 
forms a nest of clay about as large as a hen’s egg, and deposits therein 
upwards of 150 ova, in the preservation of which it takes the greatest 
oare. Wherever a nest is situate, avenues and entrenchments surround 
it ; there are also numerous winding passages 'which* lead to it, and 
the whole is environed by a ditch, which present an impassable barrier 
to most insects. In the evening it issues from its retreat and continues 

J iroduoing less or more throughout the night a shrill jarrin glMe. 
t is a night-feeding insect, and y£ a most destructive nature, cutting 
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indiscriminately the stems of any plants which may be near its bur- 
row, and carrying portions of them into it .for daily consumption. 
By far the best plan r to catch the mp]e cricket is to flood its burrow, 
which usually forces it to the surface, where it may be caught and 
destroyed. Failing a simple application of water, a little cocoanut or 
linseed oil poured on the top of the water will ‘effect the ‘purpose, 
inasmuch as, when the oil-bearing water reaches and subsides upon them, 
they must- at once come to the surface or die in their burrows ; in either 
case, the oil- is thus fatal to them. * , 

(e) — Thrips.— A genus of minute hemipterous insects, and a serious 
enemy to nearly all forms, of vegetation in dry and hot seasons : it is, 
however, extremely impatient of moisture, revelling in drought and heat. 
I quote the following remarks on the genus from the “ Gardener’s 
Chronicle ” of 1841, p. 228 : — “ The species of this genus .vary much in 
colour, some being black, others have wings brauded with white, but 
the general tint of the u larvae and papse is yellow ochre. Their bodies 
are much depressed, and much broader than any other part in the 
female ; the mouth is placed under and at the hinder part of the face, 
and forms a short conical rostrum, lying when r at rest close to the base 
of the fore-legs. The eyes are rather large and coarsely granulated, 
and there are generally three ocelli, or simple eyes, on the crown of 
the head ; the horns are eight or nine jointed, pften appearing to be 
united, when they look as if only six or seven jointed, especially in the 
larvae state. They are either wingless or have four wings, which are 
„ narrow and lie down the centre of the back, the edges being ciliated 
with long hairS ; the legs are short, the feet being formed of two joints 
with a vesicle or little bladder at the apex, but not any claws. The 
larvae resemble the perfect insect in form, but are often of a totally 
different colour ; their bodies are soft, and they have no ocelli. The 
papae are -also similar, but the wings are sheathed, and the horns are 
generally thrown over the head. Some of the species are very active 
when they have arrived at their perfect state, running fost, skipping, 
and flying well ; and they are able to walk about in their previous 
stages.” The T. adoidum is apparently the species which attacks 
our poppy, often causing considerable damage to the crops in dry 
seasons: it is the 4< Lhi” or “ Lehi” of the natives. Its injuries are 
due to its habit of piercing and imbibing the juices of the leaves. 
If the insects are observed, a globule of blackish fluid will be seen to 
exude from the abdomen, which is soon deposited on the leaf, and as 
this is given off many times a day by numberless insects, the whole 
‘leaf surface soon becomes so speckled with this glutinous matter, that, 
the pores of the leaves are stopped, and the leaf ultimately destroyed. 

X know no practical mode of mitigating the injuries of this class 
of insects in the field. The syringing and sulphurating affected plants, 
as*practifled in hot-houses, is, of course, f simply impracticable in our 
poppy- fields. 

(/) — Acarus. — A genius of arachnida, commonly called mites, and 
with certain members of which everybody is familiar ; for example 
that occurring in old cheese — Acaras domesticus — the cheese-mite (or 
tcm lougior upon Gruydre and Dutob cheese) in flour, Acarm 
farina, , the flour-mite and even! upon preserved cream, • Acarm 
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lactis — the cream-mite. Some also occur on the skin of man and 
animals, causing those disgusting diseases known as itch and mange. * 

A . tetanus, the scarlet mite , or red spider as it;is usually called, is 
the species affecting the poppy, the tea, cpffee, and cotton plants, indeed 
more or less the .whole train of our domesticated plants’; such is the 
omnivorous habit of this minute but destructive mite. It is thus 
described in the Gardener's Chronicle for 1841, p . 164: — “The red 
spider, * if magnified, looks like a crab of an oval fohn, with 
the legs so arranged that two pairs are directed ‘forward and two 
paired incline backward • it has a few long scattered hairs, and is 
of a somewhat transparent yellowish-white* more or less inclining 
to orange, .with* a blood-coloured (Jot or spot* on either side of 
the thorax. The larger specimens, which appear to be females, 
have a bright chesnut-coloured body, the*forepart of the thorax 
being ochreous, while the smaller ones have a lead- coloured patch 
on each side. IJiJike spiders, the thorax and* body are so "united* 
that they form one mass. The head is narrowed and rounded, and 
from under the nose projects a short rostrum, composed, I believe, of 
two lateral valves, enclosing two fine bristles, which can be thrust out 
at the pleasure of the animal . . - . . . . The female is viparous 

and exceedingly prolific : the eggs hatch in eight days ; and it is very 
remarkable that, when first excluded, the young red spider has only six* 
legs, the third pair being wanting ; this pair is acquired when the 
insect changes its skin.” As in the case of the thrip, the injuries of 
this mite are most serious in hot and dry seasons. It then spins for « 
itself a delicate closely intertangled web, which overlies the surface of 
the leaf and absolutely suffocates the plants, while underneath it is at 
work piercing and imbibing the plant’s juices, causing little yellow 
spots on the upper surface, which spread and give to the whole a 
seared and yellow look, and thus ultimately causes the death of 

the plant It is extremely impatient of cold and 

moist weather? and is thus only to be dreaded on the poppy in dry 
seasons. Like the thrip, its attacks are scarcely at all mitigable in the 
field. 

(5, #.) — These, then, are the chief insect foes of the poppy in our 
fields, and we will now pass in brief review those that attack and feed 
upon the seed in our store-rooms. 

(a, 1) — Tipula. — A considerable genus of inseots, the grubs of which 
are serious enemies to the products of our fields and gardens. The 
lirvse of one species specially affects and often causes much damage . 
to the poppy-seed in our store-rooms. The grubs are about three- 
fourths of an inch long, slender, and tapering, anE of active move- 
ments, thojigh destitute of feet. # The pap© are rather shorter, but 9 
stouter than the larv© : they differ in colour, the latter being white 
with a brown head, the former a nearly uniform pale dirty brown. 
The gnat is about 3-8ths of an inoh long, the vhigsjjrey and iridescent, 
with brownish-coloured nervenes ; the body black, with white hairs 
indicating the segments of the abdomen : they have six long slender 
and tapering black legs, with base of thigh and shanks pale brqjrn. 
The larv© are ravenous, and where ^bounding destroy large quantitres*’ 
of seeds, leaving their outer ooverngt adhering together in pellets. 
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(a, 2) — Bruchus. — A specimen apparently of this genus is very oom- 
r mon, infesting the poppy- seeds in our store^pots and causing much 
damage. It completely shells the seeds, leaving them matted together 
ii masses, with a mould* which springs up on their excrements. This 
beetle is aboiit two lines -long; body pale-brovn, the clytrse or wing- 
covers blackish-brown with longitudinal striae of a ‘darker shade. The 
larvae of this species are apparently more destructive than the perfeot 
insect. c 

(a, 3)—Phaleria and Haltica. — Two minute beetles, apparently 
members of the above genera, frequently abound amongst the poppy- 
seed in our store-pots. They bause much damage, penetrating and com- 
pletely shelling the seeds. The females also deposit their eggs in the 
interior of the seed, thus affording the tiny grubs a readily available 
supply of food. The Phaleria much resembles, but is somewhat larger 
than, the C. cornu ta, or maize-weevil, well-known in Indian granaries 
from its destructiveness on the grain of that plant. The Haltica 
species is smaller than the above, ovate in outline, about one line in 
length, the wing covers of a clear metallic brown. 

(a, 4) — Calandra. — One species of snout-beetle is not unfrequently 
found in company of the above in a few of the store-pots ; in no case, 
however, have I found it abundant. It is smaller than the rice-weevil 
^Calandra oryzce ), of a dull reddish-brown colour, with furrowed wing- 
cases. It appears to be destructive in both the larvae and perfect 
state. 

( a, 5 ) — Tetranychus . — A genus of Arachnida , or spiders, of the 
order Acarina — mites — and family Trombidina. I am unable to deter- 
mine the species specifically, but, as abounding amongst our seeds for two 
seasons past, I may temporarily distinguish it as the poppy-seed mite. 
It is an extremely pretty little animal of a deep-red colour, smooth and 
shining, about one line in length. In outline and size it much resem- 
bles Tetranychus cristatus , but unlike it, its body is smooth and 
destitute of 1 hairs. Its eggs are enveloped in cocoons, about an eighth 
of an inch in diameter. . These little mites cause much injury to the 
poppy-seed in our store-pots and granaries, reducing the seeds to dust 
and chaff, and further damaging, them with their copious glutinous 
excretions which, in ‘drying, glue the seeds together in pellets or more 
or less bulky masses. Like the other members of its tribe, it multi- 
plies with great rapidity, so that, though there may not be a single 
specimen visible when the seed-pot is closed, we need not be surprised 
to cfind them swarming in it when opened, i. e. four months latdr. 
Fortunately for this, as indeed for all the above noted pests of our 
granaries, we havfe a simple, effective, and perfectly practicable remedy 
•in camphor. All that is necessary c is to take a small quantity of this 
in a powdered state and sprinkle it freely amongst the seeds immediately 
before the pots are finally closed for the rainy season's storage. By 
adopting this, practice, t£e pots on being opened will be found quite 
dear of one and all* of the above pests. # 

6. Birds. — Of this class, the poppy has, as above Noticed, its friends 
or protectors in the common crow, the minas, and^ other insectivorous 
species;* but it has also a veiyl inveterate foe in the common rose- 
ringed parrakeet, the u tot ha” or €t soogha 99 of the Hindustaneea. 
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It attacks the maturing capsule of the poppy, feeding, of course, on 
the seed. When undisturbed it lights on the flower stalk, breaks* 
open the capsule, picks out the mass of the seeds, and passes on to 
another ; on the other hand, if disturbed, it will dart suddenly from *a 
considerable height, dexterously ctit off a oapsule, and carry it off to 
some neighbouring ' free, where it may consume its contents at leisure. 
Abounding as these parrakeets do in many of the •poppy districts, they 
cause much damage, if not sharply looked fiiter in' the early fnomings 
and evenings. • V * 

7.— Opium-consuming insects. — According to Kirby and Spence 
(vide “ Introduction to Entomology ,” 7th edl, p.«135), “opium is a dainty 
morceau to the white-ants.” * This rejnark has its foundation in the 
following reference quoted as a foot-note in the above work : — “ In 
examining ninety-two chests of opium , part of *the cargo saved from the 
Charlton, previously .to reshipping them from Chittagong for China, 
thirteen chests were found to be full of white-anls, which had almost * 
wholly devoured the opium.” — ( Article from Chittagong, November 1812, 
in one of the newspapers dated 31s2 July 1813.) The above statement 
requires confirmation, or at least some qualification. On no occasion 
have I observed white-ants attack fresh and good opium, though quite 
open to them. I also know from experiment that in closing wmte-ants 
in a finely perforated *box with a piece of fresh opium, that though, 
they crawl over it, they never eat it, and are quickly narcotised. 
Again, while in this narcotised state, if allowed to remain in the box 
with the opium they never recover, though they generally do so if 
taken out before the narcotism is complete. It may be, however, that 
they really will attack and consume opium exposed for some little 
time to the action of salt water, as doubtless that in the chests 
under notice had been — which very quickly destroys ita odour and 
bitter and pungent taste : it will no doubt also materially reduce its 
narootic qualities, and may thus render it an innocuous diet, for those all 
but omnivorous inseots. • * . 




APPENDIX. 


173 


APPENDIX. 




1 • * 

Introductory remarks to % Appendices. A, B, and C. • 

The general resulft of my experiments and observations on the poppy have 
formed the subject of a Minute by the Lieutenant-Governor of Bengal, permis- 
sion to publish which, in the appendix of this book, ha& been granted by His 
Honor. This is highly . satisfactory to me, inasmuch as the dmjpulties I have 
to contend with in introducing new modes of culture, &c., are fully appreciated, 
and detailed in this Minute.* Moreover, that these have been correctly anticipated 
by His Honor, is well shown in the following silmmaries — submitted subsequently 
to the drafting of the Minute— oi the Sub-Deputy Opium Agents* reports, on the • 
selected seed distributed by me last seagbn. The first report is by Mr. H. W. 
Alexander, Opium Agent of Behar. From this it will be observed — where any 
opinion is expressed — that five only of the twelve sub-divisional officers are more 
or less favourable to a continuation of the experiments. In the report from 
Benares, the A gent, # Mr. H. Kivett-Camac, supplemfints the summary of hisf 
Sub-divisional Officers’ reports by a concise and excellent critique, in which, while 
remarking that the results are not so conclusive or satisfactory as could be wished, 
he expresses himself as strongly in favour of a continuation of the experiments. 


. APPENDIX A. 


Prolongation of the experiments in Behar in respect to the growth of the poppy 
and the production of opium. , 


Minute by the Lieutenant-Governor of Bengal , dated 13 th September 1876. 

Having recently had under consideration the reports received through the 
Board of Bevenue regarding the enquiries and experiments made by* Mr. John 
Scott during the last three years at Patna, respecting the culture and growth of 
the poppy and[ the production of opium, and having fully conferred with 
Mr. Scott himself, I desire to record the following remarks • . 

This investigation was commenced by my predecessor’s orders, and has been • 
continued during my own time. The proceedings, conducted as they have been 
with much care and perseverance, and these reports, elaborated as they are with 
much knowledge and research, seem to ule to show — 

(1) — That by sowing seeds selected from the best plants, the poppy plant 
can be much improved in productive power as regards quantity and quality. 

(2) — That by a further selection of seed, those varieties of the poppy can 
be groVn which enjoy a comparative immunity from blight, fungoid, or other 
dlisease. 

(3) — That by drilling of the soil, the early sown crop can be better sectored,* 
and the growth of the plant can be much promoted. 

(4) — That by judicious use of irrigation during the lime when the plant is 
flowering, and the skilful treatment of the opium-yielding capsule, the period ef 
production *m ay be prolonged, and thd yield consequently increased. 

(5) — That if manure of the right sort be applied a still further improve- 
ment may be effected. * • * * 

(6) — That if the first four matters, as above pientioped, which are all within 

reach of the peasantry, at some trouble perhaps, but without any* appreciable 
expense, be duly attended to, the yield of opium per acre may be muohangmented 
beyond that of the ordinary average crop. % 

(7) — That if the fifth measure above mentioned which, as invofrinmoam 
expense, may not be so readilf practicable, were adopted, then sonfe additional 
improvement would be attained. 
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The establishing by practical and scientific proof of the fact, that the adoption 
of certain measures quite within our reach, so greatly augments the produce of 
opium per acre is very important. 

. If the knowledge *of this could he jt>Aught home to *the ryots, so as to he 
applied by them, then either e much, greater quantity of opium would he produced 
from the present area, or else -the present quantity cQuld be produced on a less 
area. In either case the result (.which would depend tfn the fiscal'policy of 
Government at the time) .would be of much consequence. 

Even if the full au^mentat^n of produce, as now anticipated by Mf*. Scott, 
after actual experiment, should not be realized, still if, some large degree of 
augmentation Vere attained, the result would be important, ind the experiments 
worth continuing. I gather from Mr. Scott,, however, that the experiments are 
year by year showing a probability* of more and % more augmentation, and that he 
now believes that it might become nearly double the present average yield — 
' vide foot-note, * 

But it is one thing to establish a possibility, and quite another thing to ensure 
the possibility being so applied as to be realized. In other words, there is only 
the first step made when we show that if certain selected seed be used*; if a 
certain cUlture of the soif be adopted ; if a certain treatment of the capsule be 
carried out, all which may be done by the ryot with trouble only, and without 
expense, there will be a much larger produce ; but the second step remains to be 
made, namely to gradually induce tne ryots to ad^pt these measures for their 
own benefit as well as for the fiscal interest of the State. I say nothing here 
regarding manure, because however beneficial it may be, it cannot but cost 
something, and consequently the ryot will have some difficulty in procuring it. 
Though we may persevere in experiments m manuring, we can hardly hope that 
they will have immediate results. For the second of the two steps above 
mentioned, namely teaching and inducing the ryots gradually to sow the selected 
Beed, to drill the soil, to treat the capsule, it is absolutely necessary that Mr. Scott 
^ should remain for the present in Behar. Otherwise the experiments, if not 
~ watched by their* author, will be forgotten, the seed distributed among the ryots 
will be either thrown away by them, or be allowed to fail (so distrustful are they 
of new methods), the other improvements suggested will be spoilt, and the lessons 
learnt during the past three years at some cost and trouble will remain a dead- 
letter. Doubtless the Opium authorities will afford all the co-operation they can ; 
but with their other duties they cannot adequately observe the trials and the 
results ; indeed they can hardly be expected to possess the requisite scientific 
knowledge. On the other hand, their zealous co-operation will^e required, for 
without thatjid all Mr. Scott’s skill and knowledge will not avail to overcome the 
vis inertia which the peasantry in this country always oppose to improvements in 
the first instance. 

Already, that is, during last season, some small quantities of the selected seed 
have been sent to some of the opium divisions in the interior of the districts 
(departmentally called sub-deputy opium agencies), and have there been distri- 
buted among the ryots with some good effect. lam glad to hear favourable reports 
of the assistance in this matter specially rendered by two of the Sub-Deputy Agents, 
Mr. Peppe (Chota Nagpore), ana Mr. Masters (Hajeepore). The season is now 
at hana when further quantities of seed will be obtained from Mr. Scott’s fields 
•at Patna. These should be distributed, under the general direction of the Board 
of Revenne, by the two Opium Agents (at Patna and Ghazeepore) among those 
Sub-Deputy Agents vfiio may be chosen as having more than ordinary aptitude 
for introducing improvements. At the same time, there should be sent to them 
any directions which may seem expedient respecting the drilling of the soil and 
the treatment of the capsule. 4 

The SuH-Deputy Opium Agent to whom this duty may be confided must care- 
fully choose the ryots who are .to be taught and induced to try the desired improve- 
ments ; he nfust take proper measures to make them desirous or contented to make 
the attempt faithfully and earnestly, offering them some moderate and reasonable 
inducement with this view, according to circumstances. He must himself see that 
the selected seed is actually sown, that the soil is # duly drilled, and, if possible, 
lie kbould i&e the capsules, or at least some of them, manipulated. If hq does not 
see all this personally, it trill not be fully done by the ryot, and there will be 
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more or less of failure, which failure, instead of being attributed to the true cause, 
will probably be ascribed to some defect in the new method. Such notoriously 
has been the fate of many 4 attempted , improvements in this country, and sucn 
might be the end of these experiments ALiJ; if we do not adopt due precautions. / 

If, then, the selected Sub-Deputy ^gent feels himself ’ able to undertake this 
sort of supervision^ and really to se% to the trial being made, then let the 
duty be entrusted to Turn. ’But if there be any doubt on this point, then it will 
be better that he do not undertake it at all. It is greatly preferable that a trial 
should not be made at all than that it should be made ineffectually or with any 
degree ef efficiency short of the highest. For,® by such half trials •undeserved 
discredit would be brought on methods in themselves excellent, and more harm 
than good would be done. 

But, however unwilling a ryot may be to $ry a new method, however scepti- 
cal he may be of its merits, and however much inclined he may be to discard it 
‘without proper trial; he is quick And willing enough to adopt it as soon as he sees 
it actually used and practised by others with undoubted success and profit. If, 
therefore, the .Sub-Deputy Opium Agents, to whpm the above duty may be 
confided, shall succeed in displaying before their opium ryots certain fields culti- 
vated *hlso by ryots, with a productiveness greatly exceeding that of .ordinary 
fields, and this, too,* with the application of care and trouble only, and without 
any extra expense, then we may be sure that other ryots will begin to follow the 
example more and more, and so by degrees the system will spread ovejr the whole 
opium-producing area. * 

But I cannot repeat too often that if this result, or anything approaching to 
it, is ever to be attained, there must be care, patience, and perseverance exerted 
by our officers during several years. 

The thanks of the Government are due to Mr. Scott for the good service 
rendered by him in this affair. 

I rely much on the supervision to be exercised in this matter by the Opium 
Agents, Mr. H. Alexander and Mr. Rivett-Carnac, and upon the exertions of the 
Sub- Deputy Agents whom they may select to carry out the experiments. I shall 
always be glad to receive a separate report of service rendered by any Sub-Deputy 
Agent in this respect. 

And I know that the Government may confide in the general direction to be 
maintained by Mr. A. Money, c.b., the Member of the Board of Revenue in 
charge of the opium department. , 

. RICHARD TEMPLE. 


APPENDIX B. . ' 

His Honor the Lieutenant-Governor of Bengal lately requested me to reca- 
pitulate the grounds for the belief that, *by adopting the. mode of seed selection, 
&c., as suggested in my annual reports, the average returns of opium might be 
fully doubled. This I did in a memorandum, which it may be as well to introduce 
here. 

Inhhe tabular statements comprised in my annual report for 1874, I have 
shown how greatly deteriorated the poppy crops are by the predominance of 
scanty drug-yielding plants, the average proportion of scant to copious*dnig . 
produces being no less than 2 25 to 1! Now, it is clear that by eliminat- 
ing all the scanty productive plants, and securing a unifcrm crop of the more 
copious producers, we would proportionately increase the drug returns : thy 
is, I belief, perfectly practicable. Let us, however, in the meantime see as 
to the proportions of copious and scant drug-producing plants in the ordinary 
unselected crops of the agencies! I will allow, then, 27,225 plant* per- beegha 
(£. e . t one square foot to each, though certainly a fairer^ average would be six 
or nine inches only), of which, according to the proportions above Stated, 4,537, 
or one-sixth only, are of the copious drug-yielding class, the great bulk— 22, 688-— 
of the plants thus consisting of the scantily-productive class. Now, for the 
comparative fertility of the superior and inferior class. To illustrate tmg % Lcol- 
lected separately the drug from SO capsules of both classes. Thus, in each instancy 
be it observed, the collection of the second incision on the capsule was taken as the 
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average for the following estimate, and moreover in the inferior close this was 
confined to the central and most 'productive capsule , whereas in the superior class 
from two and three capsules on each plant, were included. By confining the collec- 
tion, as in the former class, to the central capsule , the contrast, which I will now 
show, would have been considerably increased. 

The crude drug from 60 capsules of the inferior class weighed only 23 grains , 
whereas that from an equal number of the superior clasfy was 140 grains, i. e. 
fully six and-a-half times more crude drug . From these data, then, the compara- 
tive fertility of one beegna under a selected and unselected crop may be thus 
shown in a tabular form*: — r 


Number of 
plants per 
beegha. 


Crude dru|£ 
practice of 
3 and 5 
collections. 


* 

Assumed 
average of 
capsules on 
each plant. 


Prepared 
drug in 
lbs Troy. 


1— Unselected crop 


Superior class' 
Inferior „ 


4,537 ' 

22,688 


4412 

21*76 


4 

4 


11*37 

7*26 


2 — Selected crop 


27,225 264*44 4 88*14 


*• It should be observed that three drug-collections, as givpn in the above table, 
is rather a high average for the inferior class, whereas, on the other hand, for the 
superior class, five is decidedly a low average—vide comparative tabulations in 
my annual Yeport for 1874 ; seven collections would' 1 indeed have been a fairer 
average for the latter class. Even as above stated, however, the differences in 
the relative fertility of the selected and unselected crops is very striking, being 
nearly as 4*75 to 1. I do not think that I have here in any way over-estimated 
the results of a careful and continued selection of seed$ from the most productive 
capsules for a few years, the basis of my belief being simply, as stated above, the 
practicability of eliminating the scanty from the really copious drug-yielding 
plants, and securing an unmixed crop of the latter only. The improvement of 
these again by selection will of course, as in all analogous cases, be the slow work 
of years. I hav6 no doubt, however, that by attention to the above principle, even 
the most copious of our drug-producing plants now will ultimately prove as 
inferior to the improved races of the future, as are the former to their wild 
progenitors. 


APPENDIX C. 


Dated Bankipore, thje 23rd August 1876. 

From — H. W. Alexandre, Esq., Opium Agent, Behar, 

To — The Secretary to the Board of Be venue, Lower Provinces. 

I have the honor to submit the information asked for in regard to the plants 
raised this year from the experimental seed supplied to the several Sub -Deputy 
• Opium Agents by Mr. Scott. 

2. The Snb-Deputy Opium Agent of Tirhoot reports that only in one case 
was the produce of thfe selected seed greater than from the ordinary seed, and 
this is accounted for by the failure in the land sown with the indigenous seed 
being much greater than in the other. The plants themselves were strong and 
healthy, and the cultivators were generally pleased with their appearance, but the 
yield of the" drug did not come up to their expectations. Mr. Drake is anxious to 
make further experiments this, season. 

3. Th£ Sub-Dmmty Opium Agent of Hajeepore reports that no conclusion 
can be drawn from the average yield per beegha given in the statement furnished 
by him, as in his opinion they are unreliable, more especially when the avenge 
yieJdifPet beegha tells against the experimental seeds, as there appears to be a 
•general impression that a low yield from experimental seed, compared with that 
from ordinary seed, will be made good to tne cultivators in whose, fields the 
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experiments are conducted by pecuniary .compensation, equal in value to the 
difference between the two outturns of the drug ; on the other hand, where the # 
average yield per beegha tells against tke^dinary seed, the fact may be taken as 
evidence strongly in favour of the sucle|s of the experiment. In twenty-foip 
sowings the average produce per beegha 4 as in six cases only in favour of the experi- 
mental seed. \ • 

4. Tte Sub-Depui^ Opium Agent of Chftprah writes that, in the statement 
submitted by him, in nearly all cases the average yield from ordinary seed was 
higher than that from the experimental seed. wishes** if any further experi- 
ments are to be ma£e this year, to be supplied with the seed in September or 
early in October. • 

5. The Sub-Deputy O^ium Agent of Alleegunge states that the plant from 
both seeds appeared equally strong, hut that the produce from the local seed was 

far in excess of that from the selected seed. • 

• • 

6. The Sub-Deputy Opium Agent of Motiharee reports that, owing to the 

small scale.on which experiments are made at present, no reliance can be placed 
on the yesults, as the cultivators mix the produce of their fields, and are not 
disposed to encourage • any change being introduced* The plant raised in 9 
Mr. Cooper’s own gftrden from selected seed was stronger and healthier in 
appearance than that raised from the ordinary seed. In the statement furnished 
by him, in fifteen out of eighteen cases the produce per beegha from the local 
seed was in excess of those fr8m the experimental seed. 'y 

7. The Sub-Deputy Opium Agent of Bettiah has given no opinion on the 
subject, but has shown in a statement that in thirty-eight out of forty-six cases 
the produce from local seed was more than that from experimental seed. 

8. The Sub-Deputy Opium Agent of Shahabad reports that, except in three 
instances out of fourteen, the ordinary seed had yielded better than the selected 
6eed, and that in these three instances the- excess produce was so very small that it 
could be considered only the result of accidental circumstances and not attributa- 
ble to the superiority of the seed used. The plants raised from £he selected seed 
at no time showed any perceptible superiority over those raised from ordinary seed, 
and Mr. King is of opinion that the selected seed, when subjected to the same 
influences as the seed ordinarily used, cannot yield a better crop to such an extent 
as to render it advisable to incur the expense and trouble which would necessarily 
arise by the general use in the department of selected seed of kinds, the* ordinary 
seed, moreover, being much preferred by the cultivators themselves. 

9. The SuD-Deputy Opium Agent of Gya states that the plants from the 
experimental sowings was not seen by him, but that the gomashtas report that 
the plants raised from the different kinds of selected* seed did not differ much in 
healthy appearance or size from the plants produced from country seed : four of the 
selected varieties gave a greater and three- a smaller yield than the ordinary seed. 

10. The Sub-Deputy Opium Agent of Tehtah reports that no perceptible 
difference was found between the plants and produce of the two kinds of seed 
(selected and ordinary). 

11. * The Sub-Deputy Opium Agent of Patna gives no opinion in the matter, 

b«Lt from a statement submitted by him, it appears that in three out of twelve cases 
the experimental seed gave better results. . * * 

12. The Sub- Deputy Opium Agent of Monghyr writes that the outturn from 

the ordinary seed was in excess of, and better than, that fft>m the selected seed, 
but that no absolute trust can be placed on the experimental sowings, as, although* 
ordered to d? so, it is impossible to say* whether the cultivators keep the outturn 
from the experimental and ordinary seed quite separate. • 

13. The Sub-Deputy Opium Agent of Chota Nagpore reports that? he watched 
the experiments this year carefully, and although the season was.an unfavourable 
one in many respects, there could be no question of the superiority of fhe selected 
seed. The ordinary seed gave 2 seers 5j chittacks, and the selected seed- 
2 seers 14$ chittacks per beegha, or 9 chittacks in excess; had the two been sown at 
the same time (the former having been sown on the 6th of November and meJa Mer 
on the 2nd December), the results in his opinion would have been still nfore favtmr-^ 
able to the selected seed* 
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Dated Ghazeepore, the 21st August 187(f. 

From— H. Riv^tt-Cabnac, Esq , Opium Agent,*Benares, 
f To — The Secretary to the Board of Revenue, Lower Provinces. 

The season having closed, I have now the honor, to report on the experi- 
mental sowing of selected poppy seed received from Mr. Scott. 

In October last 23 maunds of selected poppy seed were received from 
Mr. Scott. This quantity was distributed amongst 
-c. the several Sub-Deputy Opium Agents for experi- 

Aznnsairh*' 2 Bareil]y Ur .! 2 mental purposes as per margin. The Sub-Deputy 

Goruckpore, 2 Lucknow ...3 Agents were desired to distribute the seed at their 

Futtchpore, 1 F >’ aabad *• discretion amongst the cultivators, keeping a record 

23 of the quantity and description given to each culti- 

vator, and watching as far as possible the plant from 
such seed. The following is a summary of the reports tlie Sub-Deputy Agent® 
have now submitted on the result of the experiment. 


Azimgurh .. 2 
Goruckpore, 2 
Basti .. 3 
Futtelipore, 2 


such seed. 


Bareilly .. 2 
Lucknow ... 3 
Fyzabad ... 3 


2* Ghazeepore. — Mr. Turnbull reports that the seed germinated freely every- 
where, and that the plant was healthy throughout the season, the capsules were 
of usual size, stood lancing from four to six times, the exudations w ere pretty free. 
The average produce ranged from three to 18 seers per bceglia, and contrast favour- 
ably with the returns obtained from indigenous seed. r He is, however, of opinion 
that any further distribution of foreign seed would not be appreciated by the 
cultivators, as they themselves are alive to the importance of selecting good seed 
for sowings. Their seed is selected from capsules which are most productive, and 
the indifferent return is not attributable to indifferent seed, but to indifferent soil. 


3. Azimgurh. — Mr. Mendham states that, from a comparison between the 
plots sown with Mr. Scott’s seed and adjacent indigenous seed plots, the return 
from the former would appear to contrast favourably with that obtained from the 
latter, but that the foreign seed is unfavourably received by the cultivators, and 
difficulty is experienced in getting them to sow' it. The general average of the 
experimental sowing of Mr. Scott’s seed is six seers six and a quarter chittacks, 
whereas that of adjacent fields, sown with ordinary seeds, is 5 seers 16 J chittacks. 


4. Goruckpore. — Mr. Matthews reports that the plants germinated freely 
and looked healthy. The capsules, however, were small, and did not yield juice 
to more than two or three incisions. The general average from Mr. Scott’s seed 
was three seers, nine chittacks, three kanchas, per beegha, as compared with 
about six seers from indigenous seed. .The cultivators do not like the foreign 
seed, and are not inclined to undertake a further trial. 


6. Basti. — Mr. Ridsdale states that the plants germinated freely ; their 
growth, however, was rather slow, they having suffered from heat and the 
extreme dryness of the season. The results were encouraging, the average 
was high, as being 8 seers 16 chittacks per beegha, but the average from 
indigenous seed, sown in a similar area of lands adjoining, was at the same time 
nine seers two chittacks per beegha. There was no marked superiority in the 
drug obtained front* Mr. Scott's seed, the plants were similar in habit, and were 
chiefly distinguishable by the darker green of the foliage and . stems, and the 
^leaves being more serrated than the common plant. The cultivators -are averse 
tp the exotic plant, they consider the acclimatized native seed is more suited 
to the .damp climate and soil of Basti. Some of the cultivators are of opinion 
that this foreign seed, when acclimatized, will be superior to the indigenous. 

6. Fbttehpore. — Mr. Campbell states that the results of the experiment were 
far from satisfactory. The plants from Mr. Scott’s seed germinated well and 
looked promising, but the yield was much less than that from ordinary seed. 
Mr.*Oainpbell, therefore, recommends that the experiment be given up : the culti- 
T vaiors arer not in favour of it. This officer's report is meagre, general, and unsatis- 
factory, and further explanation has been called for. 
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7. Futtehguhh.— Mr. Anderson states that the seed was sent to him rather 

late in the season, and the consequence was that poor lands generally were secured 
for experimental purposes. There wastioLperceptible difference in the plant, except 
as to the colour of the pods. Generally ilie selected poppy seed plant was nbt 
finer than * that from local seed. Thl result was *far from satisfactory. The 
general average of V^peripental seed Vas three seers three and'a-half chittacks 
per beegha, compared with seven seers three-fourths chittacks per beegha 
indigenous seed. Mr. Anderson is of opinion that these .repeated failures from 
experimental seed do more harm than good. • 

8. * Bareilly. — Mr. Pratt states that the seed was sent to him raTher late in 
the season, and that itSggencral inferiority, as compared with'the indigenous seed, 
was attributable to this ca^se. The general result was fairly good, and in some 
instances the average was higher than that from indigenous seed. Mr. Pratt 
recommends a further trial, and T>egs that the seed be sent earlier. 

9. Lucknow.— Mr. Nicholson, officiating for Mr. A?mstrong, states that the 
average yield from Mr. Scott’s seed in all the four districts of his division was 
greater than that from indigenous seed, but he is of* opinion that if the seed had 
been sown indiscriminately over the four districts, instead of only in a few good 
fields in each, the result* would probably not have been scagood as they now appear.* 

10. Boy Bareilly. — Mr. Luard, Assistant Sub-Deputy Agent of Itoy Bareilly, 
procured a small suppl v of hill seed from Simla. The plant from this seed did 
not germinate so rapidly, but when once above the ground, grew so quickly that 
it flowered ten days before the plants from indigenous seed. Six chittlpks of 
seed were sown in three and-a-half biswas of land, and gave an outturn of four 
seers nine chittacks, on an average 2(3 seers one chittaek per beegha. The plants 
from this seed were small in height, but the stems were thick and capsules large. 
The cultivator to whom the above six chittacks of seed was given is extremely 
pleased with the result, and intends sowing the same seed this year again. The 
quantity of seed obtained was 20 seers.* 


* The results of experiments with seeds of Simla poppy in the plains, recorded by the Sub- 
Deputy Agent of Roy Bareilly, have surprised me much the experiment, unfortunately, has been 
enti usted to an assamee, and at the most only casually looked to bv Mr. Luard. I thu9 cannot 
help thinking that he has been misled — intentionally or unintentionally — and that the results 
are really those of carefully-selected plains grown seed. The observations of Mr. Luard on the 
general character of the plant are indeed opposed to the se*d being of hill origin, jjai ticularly so the 
relatively tardy geiminatinn ; hill seeds sown in the plains (of any particular plants^ germinate 
relatively more quickly than do those of the same species grown in the plains : so, also, the dwarf 
habit and stout stems — appearances the obverse of well-ascertained results. Aeain, we all kn>.w 
that, as regards \YiPsecretion of opium , the poppy is extremely sensitive to changed conditions of 
growth. This is the case even when the plant vegetates with faif vigour. Take, fo*r example, the 
case of the Mai wall poppy in liehar and Benares, and rice vexed. Now, certainly the reciprocal • 
changes in these instances is very much less marked than that of the Simla seed experiment 
in the plains of India. Altogether, I must confess that I have grave doubts as to the correctness of 
the experiment. Moreover, all hitherto recorded experiments of Simla poppy-seeds in the plains 
have been auything but successful. The following are two in point. The first is by Mr. W. Peppe, 

*at present Sub- Deputy Opium Agent of Chota Nagpore. “ In receiving the seed,” he observes, “I had 
it divided into several parts and distributed amongst experienced cultivators ; I also had it sown in 
my garden at different times, but in every case in conjunction with Patna seed. The first plot was 
sown about the 25th October, the seed germinated, but the young plants died off. The local seed, 
on the other hand, did not germinate so profusely, but the plant stood and grew vigorously : the 
same result followed with the ryots, and not a plot of the first sowings of hill seeds survived, • The 
next sowings were made about the 25th November, as the weather had by that time got quite * 
temperate, the plants arrived at maturity, and gave a very good yield of onium, but the capsules were 
very small, and ths ryots did not give a satisfactory report of them. *1 thought that the small 
size of the capsules resulted from the non-irrigation of the plant, but I had afterwards an opportu* 
nity of examintng a plot which had been reguhfrly watered, and in this also the capsules were small, 
both in comparison with the Patna seed and also with common seed of the neighbourhood. Here, 
then, we find that sowings of hill poppyseeds in the plains failed, even when sown so late as the 
6th of November, and T venture to say that the very finest selected poppy-seed will not yield 
20 seers of opium if sown later. It should also be observed %t the hill poppy is naturally as 
suited for late as early cropping (I mean, of course, that when it suffers from the Comparatively 
low temperature at the*close of October, so will it in the still higher temperature of March). Now 
for the other report which is by Mr. Armstrong of Ghazeepore, “Here,” he remarks “is a little 
statement showing the average yield per beegha from land sown with local, Patna , and mhiU seed. 
The land in which the* experiments were made ig much of the same kind, not far apart 4 «n4 w 
cultivated by eight assamees. The results are— from local seed 10 seers; from Patna seed seven 
seers thirteen and-a-half chittacks ; aud from the hill seed one seer fourteen chittacks only. 

• • 
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11. Fyzabad . — In all the four sub-divisions of Fyzabad the imported 
•seed was sown. The return from Mr. Scott's seed in the Fyzabad, Gonda, and 
Haraitch districts was better than the^gyn/ral yield from indigenous seed, but in 
itarabanki and Sultanpere the result War not so good. 'The plants in all the 
districts germinated well aftd progresses speedily. On reaching maturity the 
plant was healthy, with abundant foliage. The capsules Also were promising. 
Mr. Gennoe is of opinion that it»is unfair to draw ai# conclusion until the 
imported seed is acclimatized and sown a second year. lie, however, admits that 
thp introduction of foreign seed # which has been going on from the last three 
years has decidedly led to improvements in the capsules and the yield there- 
from. ' - * 


12. The results are doubtless not so conclusive # or satisfactory as we might 

wish them to be ; but, nevertheless, I am strongly in favour of giving the experi- 
ments a further trial, and Sir. Scott has been requested to send up some more 
seed at once. * , 

13. The experiments have not had quite a fair trial in all cases. Thus in 
Futtehgurh and Bareilly the^ seed arrived late, and was sown late# This is quite 
enough to account for failure, and steps will be taken to prevent any delay tins 

, year. Then the experiments arc much weighted by tile apathy and, in many 
cases, the actual dislike of the cultivators to the experiments. Attempts to 
improve the cultivation of opium have to contend with the same difficulties 
which beset attempts to improve the seed of cotton and other crops. The 
cultivators are distrustful of the experiment. Th/y know they can depend on a 
fair crop from their own seed, and they think it is likely, as not, that the new 
seed may prove a failure. These experiments carry witli them a certain amount 
of trouble: that is, the inspection of it by the Government official and perhaps 
«ome of his hungry hangers-on. The produce has to be kept separate, and 
enquiries regarding the result necessitate visits to the tehsildar or gomashta’s 
cutcherries. So experiments are always unpopular with the native ; and in a village 
to which seed is distributed, the villagers always go ou the principle of “ fiat 
experimentum , in corpora vie** and the most wretched creature in the village 
is, if careful supervision is not exercised, forced to undertake the sowing. 
Everyone, too, is anxious to prove the experiment a failure, in the hope of 
preventing, for the future, the vexations which accompany the trials, and the 
result is often to be attributed to the result described in the ** Old Pindaree ’ — 


“ There came the settlement-hakim to teach me to plough and to weed. 
(“I Bowed the cotfcou he gave me, but fust 1 boiled the seed.”) 


This shows the hill poppy to be a failure. The plant germinated pretty well where it did grow , 
but when some four or five inches high, the leaves began to turn yellow. The hill poppy grown 
here had not sufficient strength to lemain upright, but trailed most pari of its stem on the ground. 
(This, I m&y add, clearly shows its unfitness for plains cultivation.) “ 1 think that, as the experiment 
has* been made here, it is sufficient to condemn the introduction of the hill poppy.” 

Subsequently to the writing of this note, I received (November 25th) from the Opium Agent of, 
Benares, a copy of a letter from Mr. Luard, on the origin, appearance, growth, Ac., of the above 
seed. It is there stated that “the seed in question was procured from a village some long 

distance north of Simla The name of the village, the distance ancl proper 

direction from Simla, I cannot now remember, the distance, however, must have been great, as 
took the man — a pahari — nearly three weeks going and returning.” It would thus appear that 
Mr. Luard really knows nothing of the trne origin of the seed ; he states emphatically — as shown 
by the italicising of the word “proper” which is not the author’s -that he is even unacquainted 
with the direction whence the man sojourned for no less than three weeks — of itself a suspicious 
oit cum stance, and I have known my * pahari * plant-collectors, when thus sent out to distant 
localities, lounging in their * basti * and in due * course making their appearance with a load 
of plants from the neighbouring jungles. Who, then, can say whence the seeds were really got? 
Mr. Luard evidently cannot. Well, one seer of seed rvas got, which Mr. Luard on his return to 
Dalamow “ made over to a Kaioli Luinberdhr, who sowed them on, I think y foui biswahs of ordinary 
soil.” The italics are mine b and thjow no little uncertainty over the whole experiment. Moieover, 
it does not appear from the letter that Mr. Luard either saw the peed sown or even the plant in 
this field. « 

The Agent also favoured me with a copy of Dr. Sheppard’s analysis of the opium, which 
shows an increase in extract and uarcotine, as compared with the general average samples of 
.Bc&£r*and Benares. It would have been much tqore satisfactory if the comparison had been made 
wirij drug from the same locality, as there is not a little local variation in the extractive and 
alkaline qualities of opium. 
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14. I am nofyquite confident either that the officers of the department are 
always quite so enthusiastic regarding the experiments as they might be, and 
unless they take a real interest initamatter, and watch the trials with soiqe* 
intelligence and care, much success is lo|*to be expected : measures will be taken 
this year -to ensure a fair preparatiol of the field* soy n with the experimental 
seed being visited b^ European officers. I A few fields only— and these representing 
every c1ot 9 of soil — vill be sown, and these will be selected in positions near the 
head -quarters of a European officer, so that th*ey can be easily supervised. 

15. I am in favour, too, of a small experiment with the selected seed being 
carried on by each European officer on a pie^e of ground to be reifted by him 
near his head-quarters^* and, in anticipation of the approval of the Member in 
charge, I have sanctioned the necessary expenditure for this purpose. The 
expense should eventually # be recouped by thq produce. I hope also to arrange 
with the Director of Agriculture, ^ind commence tcf undertake an experiment on 

’the Government model farm here.* • 

16. Pnmd facie, I am strongly in favour of the importation and exchange 
of seed, and thqt, too, of selected seed. The two processes are quite separate, 
a'hd Mr. Turnbull, in deprecating further experiments on the grounds that the 
cultivators in this agency select the seed of the poppy # plant, has lost -sight of 
the circumstance that one of the objects of the experiment is to see the result* 
of introducing new seed (selected, too, it is true), i. e., seed grown at a distance, 
which, in regard to the cultivation of other produce, is supposed tq have the 
same beneficial results as the|introduction of new blood iD stock-breeding, v 


. APPENDIX E. 


Addenda to Chapter IV., Sections 4 and 5. 

With reference to the long-sustained fertility of the poppy lands under 
shallow tilth and the most sparing manurial applications (which I confess I have 
hitherto been at a loss to explain in any satisfactory way), it now occurs to me 
that it may be thus satisfactorily interpreted. In the first place, then, it is to be 
observed that by far the major proportion of the land is artificially irrigated, 
and that most copiously, every beegha during the poppy season having on 
an average^ estimate from 80,000 to 100,000 gallons thus applied. Reflecting, 
then, on tlie fact that nearly one-third of this water is again withdrawn from the 
soil by evaporation, and that every drop contains one or more mqlecules of the 
soluble, fertilizing constituents of the soil, which it brings up (froln zones far 
beneath the range of the plant’s roots) and ultimately deposits on and near the 
surface as it passes from the soil. This, it is easy to see, must have a highly ferti- 
lizing influence on the soil I do not think that four or jive feet is 

an over-estimate of the quantity of water thus evaporated : fifteen feet is Captain 
Maury’s estimate of the annual evaporation from the tropical zones of the Atlantic — 
(“ Physical Geography of the Sea,” 1 1th edition , page 37) Com- 

menting on the origin of ocean currents by the process of evaporation, Professor 
Ansted observes that “ its effect in a long narrow sea is to be found in the Red Sea, 
Hrhose surface is an inclined plane, owing to the enormous quantity of water ren^oved 
from it into the atmosphere. The quantity thus removed at a moderate estimate is * 
half an inch per day during summer. It is thus not extraoijiinary that, in spite of 
a strong current that sets inwards from the Arabian Sea at the rate of nearly a mile 
per hour (20 miles per day), the wajier at the head or northern part is som£ 
two feet lower than at the foot. As the Red Sea is 1,000 miles long, the water 
entering takes fifty days to reach the land, and in doing so loses .25 inches*of 
height” — (“ Physical Geography ,” page 144).* From these results then, and con- 
sidering the large quantity of water annually evaporated from ourpoppy fields, and 
its high fertilizing influence, we need scarcely, as it appears to me, be surprised at 
the long- sustained fertility of those soils, in spite of shallow tilth 2 jl£ sparing 
manurial applications. We have here an agent, quite as effective in bringing within 
reach of the plant the enriching constituents of the lower-zoned soils, *s the £eep» 
subsoil ploughs which, are absolutely necessary sooner or later in the agricultural 
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economy of all temperate countries, whore evaporation is low, (Is also in tropical 
countries where the rainfall is light and consequently the evaporation small. 
Another important fertilizing source to, large tracts ‘of ' arable land in India is 
the annual overflowing of rivers. Tqeab waters are literally saturated with 
matter in suspension and solution. # Now! these are largely brought down from 
the mountain- sources* of the rivers, wliioh in India are largely composed of 
those old rock formations rich iq potash, lime, plmsphates, and the like'; all 
of which are more or less soluble in one or other of their forms in water, and 
anyhow carried down wyth facility in a state of suspension in the waters. The 
waters frdm such sources are* thus highly impregnated with richly fertilizing 
matters, and these,* in their turn, are again withdrawn •from them by the 
comparatively impoverished soil-admixtures taken up in the lower drainage 
lands of the rivers. Altogether, it is easy to see tfiat these suspended matters, 
borne down by the river, must ultimately torift a rich deposit on the lands 
overflowed in its lowA* basin. In # this, then, as I have* remguked, we, have' 
another most important sustaining or renovating agent of the soil's fertility. 
Thus, reflecting on the bulky annual deposit from those mud-laden rivers, on all 
their lower basins, on tracts subject to their overflow, we need scarcely be 
surpris^I at their sustained, though comparatively low* fertility. . . *’. . . 

* I can scarcely doubt that the two sources of fertility abowe noted are the real 
mainstay of very large tracts of the arable lands of India. It is to be observed, 
however, that these sources of fertility are by no means 'perpetual. They are 
limited, as are the richest of agricultural soils, find disastrous indeed -will it 
be t« a country when such sources of fertility fail, as they inevitably must 
sooner on later. We have an example of it in parts of Central America, long 
famous for the high fertility of the soil, and now. through an exhaustive and 
unrenovating system of culture, reduced to a hoptless sterility. The same 
practices are being followed in the general agriculture of India, and there 
can be no doubt that it is a mere question of time to reduce them to the zero 
of fertility. Alarming indeed are such prospects when we confront ourselves 
fairly with the # conditions of a soil’s fertility, and observe how sparing and 
scant are the applications of extraneous manures even in the most advanced 

agricultural districts of India I have thought it desirable to express 

my opinion on this question, as it might otherwise be thought, from the forestated 
views, that I am of those who believe in the inexhaustibility of a soil under the 
most spoliativtf culture. I thus conclude in the words of Baron Liebig, “ the law' 
of compensation, which makes the recurrence or permanence of effects dependent 
upon the recurrence or permanency of the conditions which produce tllem. is the 
most universal of the laws of Mature ; it governs all natural phenomena in their 
various phases, all organic processes, all the productions of man's industry. The 
European husbandman has ior centuries past been in the habit of taking away 
the produce of his fields without making compensation for the mineral matters 
removed, and his fields have accordingly been continually diminished in fertility. 
On the other hand, the Chinese husbandman has for thousands of years past 
made it a practice to restore to his fields the mineral constituents removed from # 
them in the produce, and the fertility of his land has accordingly kept pace with 
the increase of population” — (“ Letters on Modern Agriculture f page 254). 

I may in this place take the opportunity of briefly drawing attention to 
an interesting fact in the natural economy of vegetal life as related to tW? 

1 chemico-physical properties of soil and water. It is this. In the foregoing 
treatise, we have illustrated the remarkable powers of the soil as regards the 
withdrawal of the salts of lime, potash, and the phosphates from their watery 
Solvent. Now, the soda-salts, which are, also highly soluble in waiter, are but 
sparingly withdrawn from their solution by the soil. Thus, the same sample 
of soil whiph will utterly exhaust a watery, solution of chloride of potassium , 
will scarcely withdraw one-half of the chloride of sodium '(i. e. t common salt) 
from its wqjtery solvent.; so also does soil withdraw ammonia, phosphoric, silicic, 
and carbonic acid — all most important vegetal food-stuffe. This property of the 
soil has been carefully illustrated by Thompson, Huxtable, an& May in England, 
and Li$J?ig in G-ermany. From this peculiar affinity of the soil for the above 

^.jninefal substances, it is interesting to qbserve that they form some of the most 
essential food- stuffs of land plants ; whereas those growing in, or in the neighbourhood 
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of the sea, largely* reject the above, and freely absorb and assimilate the soda-salts. 

“ Potash, ’’observes Liebig, “ is found in all our land plants, but soda forms only an 
exceptional constituent.” It— soda — i| cm the other hand especially the alkali 
of the animal kingdom* I have been muolr struck with thfse correlations between 
the plant • and the soil, and especially * so # in reflecting, on the richness and 
plenitude of form «jf land as compared with marine vegetation. . The latter are 
almost wlolly represented’ by the comparatively low and simple forms of algoid 
plants, whereas on tlfc land there is an exuberance of all forms— from those 
simple and lowly forms which inseparably unite vegetaliand animal life, to those 
highly-developed and bulky forms represented *by the trees of our forests, &c. 
Connected with this comparatively low development of the marine forms of 
vegetation, it is not a little remarkable that the zoology of the sea should be so 
rich — nearly all the great* classes being represented by various more or less 
unwieldy and grotesque forms*, while other and simpler forms are perhaps more 
* variedly and. .numerously developed than on the land :*indeed, there are great • 
classes which are wholly peculiar to fresh and salt-water. The correlations here 
indicated— be tljey causal or casual , it is for others#to determine — between those 
rilkaline elements and the degree of representation of the higher forms of animal 
and ve'getable life, ara indeed very striking, and this more especially ^svhen we 
reflect on the fact that each — sodium in the one, 'potassium in the other — is so~ 
to speak pronouncedly the alkaline basis of both kingdoms. It is anyhow a 
subject well worth the attention of experts inorganic chemistry, as . I do think 
this unquestionable difference in the degree of structural development of animal 
and vegetable forms in the waters of the globe, and on its dry surface, maji have 
no unimportant bearing on that well-termed “ mystery of mysteries,” the origin 
and development of the two kingdoms. 

From these peculiar correlations of the soil and its mineral constituents, we 
would appear to have a satisfactory physical explanation for an old teleologicaf 
stand-point, namely, the nature and cause of the saltness of the sea; the 
teleological explanation, as is well known, being that the water of the sea is salt, 
because it would otherwise putrify, or simply that the Almighty so willed it. • 
Thus would those who still cling to the time-honoured doctrines of teleology 
place the question altogether beyond the bounds of legitimate enquiry. Professor 
Ansted, with no sympathy in their views, in commenting on the nature and cause 
of the saltness of the sea, observes that “much has been said as to the cause 
of this condition of so large a part of the water on the globe, .and certainly 
to very little purpose. It would be as reasonable and profitable to enquire why 
silisa , alunUna, and lime , constitute the important bases of all soils and rocks, 
as to seek to discover a reason for the saltness of the ocean.” No doubt, continues 
the Professor, “it is an adaptation full of uses and full of meaning?; but what 
in the whole economy of N ature is not so P It seems almost impertinent to single 1 
out one contrivance of Nature, if it can so be called, and magnify it as a special inter- 
position of Providence” — (“ Physical Geography ,” page 132). Quite anew light, 
however, is afforded us in the later advances in agricultural chemistry, which, 
as it appears to me, really satisfactorily explain the origin and cause of the 
saltness of the sea. I think there can be no doubt that the large percentage 
of chloride of sodium, or comnfon salt, in the sea is due to the comparatively 
low chemical affinity between it and the soil. It alone, of all the other alkaline 
jtnd earthy salts, is allowed to pass from the soil in a watery solvent, and we 
need not thus be surprised at its accumulation in the sea, whither our rivers * 
are continually carrying and hoarding it. Moreover the bedsjof the seas and oceans 
are themselves plenteous suppliers of those salts which are being ever variously 
concentrated, according to the amount pf evaporation. It is interesting to observe/ 
from this point of view, that while the waters of the ocean contain on an 
average 2*700 of chloride of sodium* they only contain 0*830 of the salts of potash, 
magnesia, and lime— constituents for which, a$ we have seen, the soil has *a great 
affinity. As it appears to me, then, the chemical .relations of * the §oil and the 
alkaline salts affords us«, satisfactory explanation for the excessive accumulation 
of the chloride oj * sodium in the waters of the ocean : that in short the saltness 
of the sea is wholly attributable to the soil’s rejection of its characteristic 
salt in the waters which feed the rivers and disgorge themselves in the pcea2s w 
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X F. • 


Addenda to Chapter XII. • ' 1 

I have thought it desirable to append the following table by way of illustrat- 
ing the relative oil-yielding valu^ of the seeds of lanced and unlanced capsules. 
The first column gives the quantity of seed ; the second the quantity of oil extracted ; 
the third (to facilitate comparison) gives the calculated pioduce ; and the fourth 
and fifth columns the actual and calculated produce of oil- cake '* 




A. — Lanced Capsules. 





Seed. 

Oil. 


Oil-cake. 


*■ < ■ A — N 

r~ 

—“■—N 

t 

A 


Srs. C. 

Srs. 0. Srs. 

Srs. 

Srs. C. Srs. 

Srs. 

• Benaq»8 poppy, large capsules 

3 8 

0 15 100 

2679. 

2 9 100 

7312 

*- Patna „ small ,/ 

2 9 

0 13 

3170 

* 1 12 

68-29 

n a We „ 

... 29 3 

11 4 

38‘54 

17 15 

61-24 

■ Average produce 

/ 

... 11 12 

4 3 

32-34 

7 6 

67-58 


B. — Unlanced Capsules . 



Benares poppy, small capsules 

7 4- 

2 3 100 

30-17 

5 1 100 

69*82 

** „ large „ 

... 31 0 

11 7 

36 M) 

19 9 

6310 

Patna „ small „ 

. 44 13 

16 5 

36-40 

28 8 

63o0 

„ „ latg« » 

3 10 

14 

3448 

2 6 

65"50 

A re: age produce 

... 21 10 

7 12 

34-48 

13 14 

65*50 

c.- 

— Unlanced Mtdwa Capsicles. 



Lukrig variety 

40 4 

14 7 100 

35" *7 

25 13 100 

64 13 

Uggarya 

2 5 

0 11 

2972 

1 10 

70*27 

Average produce 

... 21 0 

7 9 

3279 

13 11. 

67*2 » 

D.— 

■Lanced Capsules. — New 

seeds. 



Patna poppy 

... 36 0 

.13 1 100 

34-72 

22 15 100 

6371 


In undertaking the above experiments, I naturally anticipated a considerable . 
increase of fatty matter in the seeds from the unlanced capsules Indeed, the 
results of the oil-extraction from the local varieties of poppy do show an increase 
of about two per cent, in favour of the unlanced capsules, but I am inclined to 
attribute this to the seeds not having been sufficiently pressed in one of the 
samples from the lanced capsules. This was in the case of the large capsuled 
Benares seed ( vide t$ble A), which yielded less than 27 per cent, of oil, with a 
proportionate increase of cake. The latter was unfortunately mixed with that of 
*the other samples before I had made any * comparison of the result*, and I thus 
cpuld not ascertain separately the quantity of fatty matter left in the cake. This 
was algo too small in quantity to materially affect the total results. In repeating 
the experiment with seeds from lanced capsules from the past season’s crop (the 
previous experiments being with the seed produce of 1873), my suspicions were 
confirmed. ’ I have given the results in the tabular stateinentJL), a comparison of 
which with those of A shows a slight increase in favour of the former. The 
relatjwswdecrease in cake is due to loss in water, of which the new seeds container 
w more thaivthe old seeds. • 
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I thought it w.orth while also to ascertain the relative amount of water and 
oil in each of the cake samples. The results are shown in the following tabular- 
statement. I may explain that, in as ctVt fining the amount of water, I thoroughly 
dried the specimen in a* sand-bath at a temperature of 212°* Farenheit ; and for the 
oil, I treated the cake (previously reduced to affine po'Vder) .with ether , poured off 
the lattea with its ‘jiatty .extract into an open glass vessel, Where the ether 
evaporating left the oil behind : — > 

» Cake. Water. Oil. 


# (A) From lanced capsules 

(B) From unlanced capsules 

(C) From * ditto ditto 

% (D) From lanced copsules 


fo© 7-86 8-J5 
8-78 .9-25 
... 8-65 8-95 

... 9 26 950 


The results are thus quite in unison with all the preceding experiments under 
this head, all proving that the extraction of c^pium from the poppy capsules neither 
reduces the weight, nor gcrminative, drug-producing, and reproductive quality, 
npr does it either affect the seed in actual size, or eten in the amount of water 
and fatty constituents. Variations we indeed have, but these differ neither 
in degree nor kind from those of the lanced capsules. 


Cr. — Addenda to Chapter XIII , Section 4. 

We have seen how largely dependent the phenomena of the circulation and 
exudation of the mi lk- sap in tne poppy are dependent on the barometric condition 
of the atmosphere. Now, reflecting then on those physical relations of ‘the 
phenomena, it naturally occurs to us to enquire as to whether they may in any 
tangible way be affected by.the moon : whether, for example, a clear night with 
a full moon is more favourable to the flow of drug than a clear night with a 1 
new moon. I cannot, from enquiries that I have made amongst the assamees, 
learn that they attribute any influence whatever to the moon on vegetation. I have 
been surprised with this, as the ancieuts of nearly all countries have attributed 
to it considerable influence, and in sowing, planting, and harvesting their crops, 
had especial regard to the stages of the moon. In America the back-woodsmen 
are careful not to cut their timber trees during the full moon (a notion also held by 
the older European arboriculturists) under the impression that its tissues then 
contain an excess of water-sap, and that it will thus form less durable timber 
than if cut during the lower phases of the moon as then containing less sap 

• . Commenting on lunar influence, the Editor of the Gardener s 

Chronicle observes that “ popular tradition has always attributed much to the moons 
influence on vegetation , and science has almost invariably negatived the popular 
assertions. 1 ” One of the greatest dangers that bes<jt the grape vine and other 

t )lants was attributed in France to la huie rousse , from the fact that the blighted 
eaves or buds turn of a reddish-brown colour. The people insisted ijiat the 
moon was the malignant agent, but they were not all Agreed as to which moon of 
the year did the mischief, so that Louis XIV issued an order to men of science to 
• determine the date of this moon, and got for answer that no such moon existed. 
The effect of the moon upon vegetation has lately been brought before the 
Acclimatisation Society of Paris by M. Carbounier— piscicnlteur — who has made 
scene curious observations on the growth of certain algae iu his glass aquariums, 
which tend to confirm the old popular notions. His observations led to £he 
conviction that the maximum intensity of growth corresponded with the time of 
the full moon, diminishing during its other phases until it* was imperceptible. 
Thus, while oifull moon the aquariums had to be cleaned every day, twice a week J 
was sufficient during its other phases. M. DeParville confirms these deduc- 
tions from experiments made by himself some years ago in the tropics. ^He found 
that the respiration of plants was very active under the influence of moonlight, and 
that growth was far more decided at full than at new moon . , . . . . . There 

is a popular idea current .that the waters of Versailles are unwholesome at the 
time of the autumnal equinox. The ancient philosophers probably gave rise to 
the popular opinion referred to : it would be curious should modern s^ence, 
utter so long opposing, confirm them; but before she can do so, the evidence 
must be muen stronger and more incontrovertible than it appears to be at present.— 
loc. cit August 1873, /?. 1045* 

2 a 
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With regard to its influence on animal life (and leaving aside the observed 
* correspondence between the phenomena of lunacy and the changes of the moon as of 
i dubious nature or relation), we haye v nfavfjrtheless, well-authenticated cases of its 
evil effects on our visual organs. Under Notable Things , Timbs gives the following 
illustrations of the effects of aioonlight on trie human subject:— In 1863, at Peckham, 
Surrey, a boy' slept in the 6pen air in a corn-field throughout a moonlight night, 

and when he awoke he was blind Again, in 1867, a traveller 

in Eastern Australia lost his way through being blinded^ by sleeping under the 
rays of thf moon, and pandered for several days until Ins sight was partially 
restored. Many less or more well-authenticated cases have been recorded of tem- 
porary blindness being thus induced by exposure to the moon's rays on shipboard 
in the tropics. Dr. Wells, in his classical essay on d<$v, refers such cases of moon- 
blindness to the chill produced by radiation from the eyes f the shining of the 
moon being merely an accompaniment to the ^clearness of the atmosphere. The 
relation is not apparent, nor moreover is it reconcileable with observed phenomena. 
Thus, it is obvious, according to this view, that the same effects should be produced 
in all stages of the moon. And we might also, on the same grounds, expect it to be 
much more frequently exhibited in arctic than in tropical countries, in continents 

than in islands, whereas it would appear to be the reverse No doubt 

it is partly constitutional, certain individuals being optically more sensitive than 
others to the influence of the moon, and this again, perhaps, more largely confined 
to tho,se of the so-called sanguine and sangui-nervous temperaments of the physio- 
logist. I would thus explain the phenomena : it i& nighly probable, that in lying 
with' the face thus fully exposed to the moon’s rays, the eyelids involuntarily 
open and expose the eyeballs to their direct and continuous influence. This 
continued play of light on the nucleus and inner parts of the eye— especially 
where there is a deficiency or absence of the piqmentum nigrum — inducing as 
it must an exhaustive, though unconscious activity, is, I believe, quite sufficient 
to cause the phenomenon of moon-blindness. 

I have dwelt on these phenomena with a view of directing attention to 
possible correlative influences being exercised by the moon in the circulation and 
exudation of the milk-sap in the opium-poppy. It is a curious and interesting 
subject, 'well worthy of careful observation and experiment. I will only add that, 
in so far as my observations go, the drug exudes quite as copiously in a 
dear and still night, during the minor phases of the moon, as in similar nights 
when at- full/ If I recollect aright, an interesting critical dissertation on lunar 
influences will be found in “ Popular Astronomy ,” by Dr. Dionysius Lardner. 
I regret that I have no copy by me of this work, which I am sure would have 
enabled me to illustrate more fully the above phenomena 
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APPENDIX.- TABLE, 0 . 

Manurial application with the -jirfh appearance of the flower-bud. 


A 


Plot. 

j 

Area in 
square 
| feet. ^ 

Manurial application to the 
•volant. 

t 

Capsules. 

r 

r 

Seeds. 


Opium. 

1st 

[Quality. 

2nd 

Quality 

1st 

Quality 

2nd 

Quality. 

Average per 
! beegha. 



r 

Srs. 

c. 

1 Srs. Oh.,Sf$. 

C. 

Srs. 

c. 

Srs. 

C. [ Srs. 

C. 

1 

616 

Shell lime 10 seers 

5 

0 

s 

5 o 

2 

14 

4 

8 ' 

1 

: o 

63 

14 

1 

2 


Ditto 8 seers, and shorah 2 seers 1 

4 

11 1 

1 ‘8 

0 

3 

1 

4 

u i 

i o 

8 

1 16 

10 

3 


Quicklime, or 0 hydrate of lime, 10 

4 

p i 

! 7 

0 

2 

12 

3 

13 1 

! o 

7i 

j 15 

10 . 



seers. . | 


1 






r i 





4 


Shorah 10 seers, aud nonimattee 

4 

10 1 

6 

8 ■ 

3 

0 

8 

4 i 

0 

7 1 

1 15 

7 



20 seers. , | 


I 











5 



Sujeeraattee 20 seers 

4 

1 

5 

12 I 

2 

7 

3 

7*: 

P 

74! 15 

V> 

6 


Khareenoon 5 seers, and lime 10 1 

4 

8 

5 

12 I 

o 

13 

3 

3 | 

0 

811 17 

34 



seers. i 




! 


! 




■1 


7 

...V.. 

Shorah 10 seers/; and lime 10 seers . 

5 

1 

6 

0 

& 

o ! 

3 

4V 

0 

84 1 17 

114 

8 



Sujeemattee 10 seers, and lime 10 

3 

12 j 

6 

o ; 

2 

*8 

3 

7 

0 

8*j 

17 

34 



seers »| 




i 







1 


9 


Common salt 4 seers, and lime 10 

4 

12 | 

6 

8 1 

2 

13 ; 

3 

8 : 

0 

74 

j 15 

10 


* 

seers. ' 




i 









10 


Common salt 4 seers, shorah 4 seers, j 

4 

7 ; 

9 

o ; 

2 

12 i 

4 

io ! 

0 

84 

17 

114 



and lime 8 seers. j 


i 

s 





i 





11 


Sulphate of iron 8 oz., icatcr solution,' 

4 

0 , 

7 

8 

2 

14 ! 

3 

li 

0 

84: 17 

U4 



shorah 5 seers, lime 5 seers, and \ 




1 











sujeematee 10 seers. i 


1 






! 





12 



Sulphate of soda 5 seers, potash ' 

4 

8 ; 

7 

o,; 

2 

11 

3 

5 1 

, 0 

74, 15 

10 



5 seers, and lime 5 seers 1 













13 

: | 

Nitrate of soda 16 oz., potash 5 seers, , 

5 

12 : 

6 

8 ’ 

3 

7 

3 

8 1 

0 

84! 17 

34 



and lime 10 seers. 













14 

| 

Precipitated carbonate of iron 4 oz , 1 

4 

14 

7 

8 ’ 

3 

0 

4 

4 j 

0 

84i 

17 

114 


1 

potasli 3 seers, salt 1 seer, and lime \ 






i 









10 seers. 








i 


i 



15 

2,736 i No application 

! i i 

16 

0 

22 

it , 

8 

10 

11 

5 ! 

1 

8 [ 

14 

14 
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Manurial application immediately before the expansion of the flowers. 


Plot. 

Area in 
squ’are 
feet. 

1 Manurial application to the 

J , plant. | 

Capsules. 

Seeds. 

Opium. 

Average 

1st | 2nd 
Quality. Quality. 

1st ! 2nd 
Quality. Quality. 

per 

j beegha. 

1 

1,021 

Shorah 10 seers, nonimattee 40 seers 

Srs. C. 

9 ft 

Srs. C. 

1ft ft 

Srs. C. 

4 15 

1 

Srs, C. 

4 14 

Srs. C. 

0 124 

Srs. C. 

21 34 

2 

Shell lime, 40 seers 

8 0 

8 0 

4 9 

4 0 

0 12 

19 £5 

S * 


Shorah 10 seers, shell lime 40 seers... 

6 8 

10 6 

3 12 

5 11 

0 10 

16 10 

4 


Lime 20 seers 

8 0 

8 2 

4 7 

4 8 

0 10 

16 10 

5 

2,042 

Muriate of ammonia 10 oz., lime 10 

13 0 

11 8 

7. 3 

8 8 

1 4 

16 10 

6 

seers, pdtash 5 seers, nonimattee 
10 seers, sujeemattee 10 seers. 
Muriate of lime 1 seer in water solu- 

<11 0 

12 ft 

6 10 

7 * 

1 3 

15 IS 

i 

7 

4 . ... • 

tion, dried up with 20 seers noni- 
mattee, and 10 seers sujeemattee. 
Sulphate of iron 16 oz. in water solu- 

9 * 0 

l 

14 0 

6 1 

7 6 

1 2| 

[ 

15 94 

8 

1,92* 

tion, dried up with 20 se^rs lime, 
and mixed with 5 seers of potash, 
and 20 seerS nonimhttee. 

Sulphate of iron 10 oz., in liquor 

5 8 

6 8 

*3 5 r 

3 4 

0 94 

15 134 

1 

i 

9' 

28,984 

ammonise, 1 pint solution mixed 
up with 10 seers lime, and mixed 
with 24 seers glauber salt, 24 seers 
kharenoon, and 2 seers of potasl\. 

No application 

96 0 

120 0 

I 

52 0 

59 0 

9 154 

11 44 
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APPENDIX.— TABLE, E. 


^ejjght 

t 

i 

Name of 
variety. 

Capsules. 

r- 

Seeds. 

Relative 

WEIGHT OF SEED 

and'capsule. 

Opium 

per 

beegha. 



el 

\ 1 

Seed. 

C *psule. 

Srs. 


9 

Srs. C. 

Srs. c.; 

Srs. C. 

I 

» Srs. C. 

Sis. C. 

2(*> 

200 

120 

) 

i-tfutila 

. 

145 0 * 

147 0 

500 0 

493 0 

12 6i 

80 

SO 

160 

so 

to 

40 

r ■ 

i y lotto 

1 | 

193 0 j 

j 

200 0 \ 

. 

500 0 

482 0 

15 t 2 

160 

160 1 
120 
so 

40 ‘ 1 
80 | 

i - 

l 

y Ditto 

1 

i > 

I 

j m 0 

208 0 

500 0 

* 

. 

413 O' 

| 12 124 

1 ! 
J 

Ditto ... ; 

166 0 ! 

160 ft 

500 0 

' 519 0 

8 9 

200 

120 

} 

Monaria 

1 

139 0 ' 

i 

1 

116 0 

1 

500 0 , 

599 0 

11 15 

80 

120 

j 

Ditto 

1 

1 

65 0 , 

86 0 

i 

500 . 0 | 

380 0 

3 7 


Name of manurial 
applications. 


I 


f Castor-oil cake 
Lime 

. Shorah (crude potash j 

nitrate). , 

Bones (superphosphate) i 
..Charcoal dust 
'Bone9 (superphosphate) j 
• Castor-oil cake .. , 

Potash nitrate .. 1 

2- < Kharee-noon (crude 

soda-sulphate.) 

| Charcoal dust ... ... 

LLirae 

fSujeemattee 
I Shorah (crude potash 

3- ( nitrate.) 

| Kharee-noon 

^Charcoal dust .. 

No application 

Green manure 

Castor-oil cake 

Lime 

Shorah 

Bone (superphosphate) 

Charcoal dust 

No application 


APPENDIX.— TAHLE, F. 

Manurial application to the soil with the seedc. 


Manurial top-dressing. 


! Weight 

I of 

j manure. 


Name of 
variety. 


j 

i 

I Capsules^. 


i 


Seeds. 


Relative 

WEIGHT PF SEED 
AND CAPSULE. 


Seed. Capsule. 


Opium 

per 

beegha. 


. < Shorah 

1 * Nonimattee 

9 f Shorah 

z l Bicarbonate of lime . . . 

• 3 Lime- slaked 
4 Bicarbonate of lime 
(shell). 

( Muriate of ammonia 

- j Li - tie— slaked 

6 ; Potash 

I Sujeemattae 

c Muriate of lime 

6< Sujeemattee 

(.Nonimattee 

/'Iron sulphate 

,,3 Lime —slaked 

7 1 Potash 

^Nonimattee 

('Ammoniac sulphate of 
j iron. 

-{ Lime— slaked 

| 'Glauber’s salt 

IPotash 

9 No application 


Srs. 
265 
1 040 
265 
1,040 
533 
1,060 


| Kaladanti 

| Ditto 

Ditto 

Ditto 


44 

132 

66 

132 

131 

132 

264 

61 

264 

66 

264 


56 

52 


Ditto 

Ditto 

» 

Ditto 

Ditto 

Ditto 


Srs. C. 
238 0 

209 0 

117 0 
204 0 

119 0 

119 0 

121 0 

• 


113 0 
120 0 


Srs C. 

Srs. C. 1 

Srs. C 

Srs. C. 

265 0 

500 0 

453 0 

21 3* 

251 0 

500 0 

416 0 

16 10 

247 0 

500 0 

358 0 

16 10 

220 0 

500 0 

464 0 

19 15 

212 a 

500 0 

281 0 

16 10 

186 0 

500 0 

320 0 

15 13 

174 0 

• 

50<l 0 

348 0 

<* 

15 91 

114 0 

500 0 

496 0 

15 13* 

120 0 

500 0 

loo 0 

° 11 4* 
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Analyses by Professor Wolff. j Analyses by Mr. Pedlar, Presidency College, Calcutta. 
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APPENDIX.— TABLE, H. 


Samples of Poppy Capsules from {he Deegah Experimental Garden. , ’ 


. 

. Number of drug-pro- 
ducing incisions on 
■ the capsules. 

Total weight of 12 cap- 
sules in grains. 

Capacity^of 2 capsules 
measured by small 
shot, in grains. 0 

■g*. 

S, o 

S3 

O O 

If* 

G 

* .8 
•a 

£ o 
o ® ° 
H 

Weight of 7 cubic cen- 
timetres of seed air- 
dried, in grains. * 

W eightsdfipd at a tem- 
perature of212°Faren- 
beit in grains. 

Loss in water, grains. # 

Degenerate poppy, 

with small green reddish-. 

2-3 

301*50 

1,113 

1§0‘05 

5675 

53*02 

3*73 

streaked flowers 4four capsules). 








Degenerate poppy 

with small green reddish- 

Unlanc- 

300 

1,232 

157 

57*12 

54 04 

3*08 

streaked flowers 

(four capsules). 

ed. 


5,72$ 





ftitna poppy capsules?oblong, ovate, glaucous 

Ditto 

1,431 

749 

56*53 

63*80 

2*73 

Ditto . 

ditto. 

globose, ovate, glaucous 

Ditto 

1,272 

3 578 

700 

55*02 

51*65 

8*37 

Ditto 

ditto. 

ovate, oblong, glaucous 

Ditto 

1,113 

4,134 

560 

55*57 

51*48 

4*Q9 

Benares 

ditto, 

roundish,* oblate, glau- 

Ditto 

1,431 

4,770 

65<^ 

56 50 

52*10 

4*44 



emit. 

/ 







Gungajull 

ditto, 

oblong, ovate, glaucous 

Dittf 

1,213 

5,724 

756 

56*04 

53*50 

2*5 1 

Benares 

ditto, 

globose, ovate, glau- 

DittS 

1,630 

6,480 

850 

56*12 

53*10 

3*02 



cous. 

1 





• 


Patna 

ditto. 

globose, ovate, -.glau- 

Ditto 

1,650 

5,410 

890 

55*03 

51*33 * 

3*70 



cous ■ 








Uggyna 

ditto, 

ovate, oblong, glaucous 

Ditto 

1,213 

5,724 

686 

56*02 

52*08 

* 3*94 

Ditto 

ditto, 

ovate, oblong, glaucous 

Ditto 

1,173 

5,288 

683 

56*85 

53*12 

3*73 

Benares 

ditto, 

roundish, oblate, glau- 

Ditto 

1,510 

6,928 

802 

66*50 

53 08 

3*42 



cous. Jf 








Patna 

ditto, 

roundish, oblate, glau- 

Ditto 

1,312 

4,124 

826 

66*80 

54*10 

2*70 



cous. 








Ditto 

ditto. 

roundish, oblong. 

8-12 

1,810 

| 8,580 

951 

i 59*35 

56*25 

3*10 

Benares 

ditto, 

oblong, ovate. 

8-10 

1,685 

i 7,724 

875 

58*70 

55*65 

3*05 

Patna 

ditto. 

oblong, ovate (variety 

6-8 

1,260 

2,340 

576 

57*25 

54*50 

2*75 



Kolodantie). 


| 






ChotaNagpore capsule, oblate, glaucous (one 

16 

138 

4,897 

20 






capsule). 









APPENDIX . — TA BLE, I. 

Samples of Poppy Capsules from the Benares Agency. 


Ghazeepore capsules, globose, obiate, glau- 

6-8 

1,908 

8,228 

885 

67*75 

63*25 

4*50 

cous (variety Majhee). 

Ghazecpore capsules, roundish to oblong, 

2-7 .1 

1,590 i 

8,626 

636 

58*15 

65*85 

2*80 

ovate (variety Gilguloa). 

Ghazeepore capsules, ovate, oblong (variety 

2-3 

1,113 

2,862 

636 

58*35 

55*20 

310 

Kolodantie). 

Ghazeepore, from the factory garden, cap- 

5-6 

1,431 

3,120 

656 

58*85 

54*75 

410 

sulcs, roundish, oblong, and ovate. 





1 


Azimgurh capsules, oblong, ovate, glaucous 

4-8 

1,528 

6,360 

784 

59*85 

6610 1 

3*84 

Goruckpore capsules, oblong, ovate, of a dull 
• green color. 

5-8 

1,074 

4,134 

477 

57*90 

56*30 

1*60 

Bustce capsules, roundish, oblong, glaucous 

6-10 

1,669 

5,367 

825 

58*25 

5615 

2*10 

Futtehgurh capsuleB, roundish, oblong, 

7-9 

1,470 

4,889 

686 

59*85 

56*10 

3*75 

glaucous. 







Futtehgurh capsules, roundish, oblate, 
glaucous. 

Futtehgurh camples, ovate, oblong, glau- 
cous (variety Kutylea). 

6-7 

4,032 

9,858 

843 

59*75 

5512 

4*63 

4-9 

1,188 

3,100 

700 

58*60 

55*25 

3*35 5 






Fyzabad capsules, ovate, oblong, of a dull 

3-7 

1,3^2 

5,406 

675 

5815 

55*35 

2$0 

green colour. 

S 

' 






Fyzabad capsules, oblong, ovate, glaucous .. 

3-7 

1,400 

5,724 

675 

59*12 

B60T 

3*05 

Lucknow capsules, roundish, ovate, and 

6-8 

1,590 

9,022 

742 

59*85 

56 20 

315 

oblate. 


s 





Futtehpore capsules, roundish, oblong, 

7-9 

1,749 

10,494 

457 

67*75. 

6*5*35 

2*40 

glaucous. • 

Futtehpore capsules, oblate and oblong, 

4-5 

626 

57*12 

54*15 

307 

1,272 

5,844 

glaucous. 





1 

Futtehpore capsules, ovate, oblong, glaucous 

5-6 

1,054 

4,124 

466 

58*20 

55*06 

f 814 

Bareilly capsules, roundish, oblong, glaucous 

7-9 * 

1,060 

9,470 

636 

59*15 

«6 30 

[ •* 2*85 

Bareilly capsules, roundish, oblong, glaucous 

5-9 

1,752 

7,622 

802 

59*25 

56*25 

8*00 
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APPENDIX. — TABLE, J. 


Samples of Poppy Capsules from ike" Behar Agency . 

f f 



.£ o ’ 

g* 

CD -- 

®*3 

'go 

s 5= 

ett o 

CM . 



ft 
be “ 

£ § 

*c r • 

« 

CM 

CD 

<*i a 

5S S 

I s .< 

, =3 * 

® o 

© °3 

o a> co 

2 g.S 

r-l CD 

^ ssi a 

CD 

a 

*3 

& 


CD 

O 0) 

= •3 

"■°-3 

-£ ft 

2 

| 2 s 



®- s i 

. be 5* 
o 9 a 

f SjS 

o .5 

£ m 

o CO 

0'S * 
►» 

si* 

t>Ca> (M 

*~1 
_>T= 3 

Z’o o 
© so « 

eight of 7 
timetres ( 
dried, in g 

22 ft i) 

jv 

c8 

* 

CD 

CD 



H 


H 

* 

£ 

J 

Tirhoot (irrigated land) capsules, oblong, 

6-10 

954 

2,784 

630 

5912 

55-08 

4 04 

ovate (variety Kolodantic). ■ 

Tirhoot (unirrigated land) capsules, oblong, 

3-7 

1,010 

2,498 

460 

5825 

65-15 

* 310 

ovate. 








Tirhoot (unirrigated land) capsules*. oblong, 
ovate, of a dull green colour. 

8-5 

1,014 

3,418 

527 

58‘60 

55-35 

325 

Hajeepore (irrigated land) capsules, round- 

6-8 

1,233 

4,770 

546 

60-25 

57-85 - 

240 

ish, ovate, glaucous j 

Hajeepore [unirrigated lan< j dipsule, ob- 

4-10 

1,233 

5,088 

* 6£> 

59 40 

54 85 

4‘55 

long. ovate, glaucous. 

C 







Hajeepore (unirrigated land) capsules, ovate, 

3-8 ; 

1,014 

2,300 

546 

58*95 

55-65 

3 30 

oblong, of a dull green colour. 







Chupra capsules, roundish, oblate to oblong . 

7-11 

1,232 

4, *>81 

636 

59-30 

55 75 

3-55 

Alleegunge (unirrigated land) capsules, ovate, 

3-8 

1*07-4 

5,^24 

624 

59 75 

55 85 

3-90 

oblopg. 

Alleegunge (irrigated laud) capsules, round- 

4-7 

1,500 

5,824 ! 

708 

58-25 

56-10 

2*15 

ish, oblong. 

Motiharee (unirrigated land) capsules, ovate, 

4-6 

1,193 

3,8 

670 

58-75 

55*24 

351 

oblong, glaucous. 








Motiharee (irrigated land) capsules, oblong, 
ovate, glaucous. 

Bettiah (unirrigated **iand) capsules, ovate. 

4-7 

1,352 

5,088 

1 664 

59-20 

56-35 

2*85 

6-8 

1,118 

5,088 

i 408 

59*85 

55-90 

3*95 

oblong, glaucous. 

Bettiah (irrigated land) capsules, ovate, ob- 

5-8 

1,392 

5,770 

784 

59 50 

5505 

445 

long, glaucous. < 

Gya capsules, oblong and roundish, oblate, 

5-9 

1,670 

7,950 

795 

58 50 

5475 

3*70 

glaucous. 

Tehtah capsules, oblong, ovate, glaucous, and 

6-8 

1,331 

4,810 

730 

j 56-84 

53-95 

289 

of a dull green colour. 

Patna capsules, oblong of those texture 

6-9 

1,272 

5,724 

545 

5875 

55*50 

325 

(variety Gouria). 

Patna cqosules, 'oblong, ovate, glaucous 

5-8 

1,232 

4,093 j 

636 

5815 

5610 

2-0u 

(variety Kutylea). 

Monghyr capsules, glaucous, roundish, oblong 

7-11 

1,550 

6,519 | 

706 

5825 

55*50 

275 


Chiefly with a view of ascertaining the relative size of capsules and amount of water m the seed 
from lanced and unlanced capsules, I requested both Agents to send me from each division of their agencies 
twelve of the largest and most copious drug-producing capsules. Such samples have been forwarded to me 
from all the divisions, and of the sub-divisions of the Benares agency, and also from those of the Behar 
agency with few exceptions, one of which, Chota Nagfiore, as the Sub-Deputy Opium Agent explains, was 
due to a severe hailstorm, which has destroyed the best of his crop, and he did not care to send me inferior 
Bamples. 

I have tabulated the results, not in full, as in many cases several samples were sent me from one division. 
In each case I have only selected a few of the best samples. The points I had specially in view in making 
such observations was whether or not there were any regular marked differences bel ween lanced or 
unlanced capsules, ^. e m the actual weight of capsule, its capacity as measured by small shot, the 
quantity of good seed produced, or the relative loss in water when dried at a temperature of 212® Farenheit. 
As will be seen from the tabulated results, the variations are most indefinite and can be reduced to no 
rule. This has surprised me much, as I had anticipated marked differences— as, for example, that the 
unlanced capsules should not only be heavier but of larger capacity, contain more seed, and that this also 
relatively to the produce of lanced capsules, would show a greater loss in water after exposure, to a high 
temperature. This is far frbm the case however, the variations being quite as great and irregular under 
( each head (though the capsules have now been unlanoed for two successive seasons) as are those of the 
regularly lanced capsules. Again, in the case of the irrigated, relatively to the unirrigated linds, we find the 
same irregular variations, though this may be largely a result of the comparisons being made with different 
varieties of seeds ; and this much I have generally observed, when I had an opportunity of comparing 
similar varieties, from irrigated and unirrigated lands, that ttfe former produced, as a rule, heavier capsules 
of larger capacity, and an increased quantity ol seeds, as compared with those on the unirrigated lands. 
I have, however, faiVi to detect any regular differences in the amount of water they respectively contained. 
The first column, tiowever, of the two tables is of some interest, as enabling^ us to form a distinct estimate 
(from tha: furnished by my own experiments) of the drug-producing quality of the )>est plants in the sever i! 
divisions of both agencies. It will be observed that the best in some districts do not afford even five 
incisions, and from this we find them dropping off to four, three, two, and even one. With such as the best 
selected/ Samples of the several divisions, we must needs form but a poor opinion of the average drug- 
producers. On the other hand, many fine samples, were sent to me, both of large and medium-sized 
capsules, whfch had afforded from seven to nine, and even eleven, full incisions. The seeds of these, 
as well a*s tne others, I need scarcely say, are reserved by me for next season’s experiments. They are 
valuable as comprising,! presume, all the best varieties now cultivated in the two agencies. < 
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